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Art,  I. — The  Quarries  in  the  Lava  Beds  at  Meriderij  Conn. ; 

by  William  M.  Davis. 

Summary, — ^Three  qaarries  in  the  Triassic  (Newark)  formation 
near  Meriden,  showing  the  vesicular  upper  surface  of  one 
lava  bed  under  the  dense  basal  portion  of  a  later  flow,  and 
a  number  of  fractures  dislocating  the  double  flow.  Rela- 
tion of  these  features  to  the  geological  structure  of  the 
district. 

The  present  condition  of  the  quarries  in  the  trap  ridge  near 
Meriden,  Conn.,  affords  so  fine  an  exhibition  of  the  two  lava 
beds  of  which  the  ridge  is  composed  and  of  the  fractures  by 
which  the  beds  are  faulted,  that  the  following  account  of  their 
local  and  general  relations  is  here  placed  on  record. 

The  general  location  of  the  quarry  ridge  is  a  mile  north  of 
Meriden,  at  the  point  marked  Q  in  the  adjoining  sketch  map 
(fig.  1)  of  central  Connecticut ;  broken  lines  indicating  the 
boundary  of  the  Triassic  formation  against  the  crystalline 
highlands  on  the  east  and  west.  It  thus  appears  that  the 
gaairy  ridge  is  topographically  the  smallest  eastern  member  of 
tlie  Hanging  Hills  group  and  therefore  belongs  to  the  long 
r  series  of  ridges  that  extends  from  Saltonstail  or  Pond  ridge, 
close  to  Long  Island  sonnd  east  of  New  Haven,  northward 
into  Massachusetts  as  far  as  Mts.  Tom  and  Holyoke.  The 
interpretation  of  the  structure  of  the  district  here  advocated 
shows,  further,  that  all  these  ridges  are  the  outcropping  edges  of 
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a  great  extrusive  lava  sheet,  once  horizontal  and  continnoos; 
now  tilted,  dislocated  and  denuded.  Some  of  the  dislocatiou 
of  the  region  are  indicated  in  fig.  1  bj  oblique  dotted  lineB. 


1. 


L-ONG 


,SLAND   SOUND 


The  more  local  relations  of  the  auarry  ridge  are  exhibited 
in  diagrammatic  fashion  in  fig.  2,  looking  north.  Here  a  piece 
of  country,  stretching  from  the  western  crystalline  highland 
across  the  Triassic  sandstones  and  the  trap  ridges,  to  the  easton 
highland,  is  roughly  figured  in  perspective ;  the  front  face  of 
the  figure  showing  a  vertical  section  of  the  faulted  Triassic 
formation  unconformahly  overlying  an  eroded  foundation  of 
crystallines.  Much  detail  is  omitted,  and  as  is  usual  in  the 
construction  of  generalized  diagrams  of  this  kind,  a  greater 
degree  of  definiteness  and  certainty  is  given  at  various  points 
than  would  be  allowed  in  a  verbal  statement.  The  structure 
of  the  crystalline  rocks  is  wholly  diagrammatic.  The  draw- 
ing nevertheless  has  a  value  in  placing  the  reader  quickly  in 
possession  of  a  number  of  important  structural  features.    The 
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itrict  is  shown  to  be  divided  into  "blocks"  or  "slabs,"  by  a 
stem  of  faults,  here  mnnine  obliquely  with  much  regularity 
out  northeast-southwest.  &ch  block,  whether  wide  or  nar- 
w,  coQtaioB  representatives  of  the  normal  sequence  of  eedi* 
entary  and  igneous  beds;  the  most  important  of  the  latter 
ing  the  "  main  trap  sheet," — the  greatest  lava  flow  of  the 
gioD — which  always  stands  up  as  a  dominating  topographic 
^meut.  The  name  locally  given  to  the  ridge  formed  in  each 
ock  by  the  main  sheet  is  here  extended  to  the  block  itself; 
e  initials  of  the  name  of  each  block  standing  over  the 
rtbern  margin  of  the  diagram  *    The  faults  are  numbered 


neath  the  diagram ;  two  important  faults  occur  southeast  of 
e  area  here  mduded,  and  the  count  therefore  begins  at 
3.*'  All  the  faults  here  shown,  except  the  last  one,  have  the 
)beaved  side  on  the  east,  and  hade  steep  to  the  downthrow, 
far  as  determined.  Two  examples  of  small  uplift  on  the 
;8t  are  known,  one  being  number  11  and  the  other  occurring 
little  north  of  the  district  here  portrayed.  In  addition  to  the 
■ong  ridge  of  the  heavy  main  sheet,  there  are  in  each  block 
'o  smaller  ridges,  one  in  front  of  the  ontcropping  face  of  the 
ain  ridge,  the  other  behind  its  back  slope;  andlience  called 
'  Percival  in  his  Survey  of  Connecticut  some  sixty  years  a^ 
e  anterior  and  posterior  ridges.  As  all  these  ridges  are  but 
e  topographic  expreesions  of  three  extrusive  lava  sheets,  the 
rms  anterior,  main  and  posterior,  may  be  used  in  a  chrono- 
gical  as  well  as  a  topographical  sense.  Near  the  left  front 
argin  of  the  diagram,  the  northern  terminal  members  of  the 
'est  Rock  and  Gaylord  mountain  range  are  seen  ;  their  whole 
Dgth  being  indicated  on  tig.  1,  north  of  New  Haven.  These 
jges  are  formed  on  an  intrusive  trap  sheet,  apparently  tilted, 
slocated  and  denuded  in  the  very  manner  that  prevails  with 


^  Tbe  iDidali  on  the  apper  margin  oE  Sgure  2  are  u  follows :  H.,  Higbj 
•imcey;  L.,  Lameataiiaa;  Q.,  Qu&rrj;  C.  H..  Cat-Hole;  S.,  Notcb;  W 
itt  Peak ;  3.,  Short. 
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the  extrDsive  sheets ;  but  in  the  present  paper  the  intmeife 
sheet  need  not  be  further  considered.* 

It  is  manifest  from  figure  2  that  the  true  stratigraphie 
sequence  of  the  formation  can  be  detected  onlj  bj  moving 
obliquely  to  the  strike  witliin  the  boundaries  of  a  single 
"  block ;"  but  this  is  bv  no  means  manifest  on  the  groond,  lor 
the  fault  lines  by  which  the  blocks  are  bounded  cannot  be  seen 
except  in  rare  mstances  and  for  very  short  distances.  Henoe 
it  is  important  that  the  iield  evidence  on  which  the  existence 
of  the  faults  is  based  should  be  carefully  argued.  An  essen- 
tial postulate  in  this  argument  is  the  extrusive  origin  of  the 
three  lava  sheets,  above  mentioned  :  for  extrusive  sheets  may, 
in  spite  of  their  igneous  origin,  be  treated  as  if  they  were 
normal  members  of  the  stratified  sedimentary  series ;  and  of 
all  this  series  the  lava  sheets  are  of  the  greatest  valac  in  field 
work,  on  account  of  their  strong  outcrops.  It  is  therefore  of 
prime  importance  that  the  postulate  as  to  the  extrusive  origin 
of  the  sheets  should  be  carefully  tested.  Both  these  points,— 
extrusive  origin  of  lava  sheets,  and  existence  of  oblique  faults, 
may  be  well  studied  in  the  Meriden  district ;  and  no  single 
locality  offers  so  large  a  variety  of  features  for  examination  as 
the  Quarry  ridge  in  its  present  excellent  condition  of  deep  dis- 
section.    The  district  has  become  especially  familiar  to  me  on 

*  Some  of  my  earlier  articles  seem  to  have  g:iven  the  impression  that  I  regarded 
East  Rock.  New  HaveD,  as  belonging  with  the  extrusive  sheets  of  which  Salton- 
stall  and  Totoket  mountains  are  typical  examples,  and  not  with  the  introAve 
sheets,  of  which  West  Rock  and  Gaylord's  mountain  are  the  type.  Nothing  bis 
been  further  from  my  inteuiion.  My  first  summer's  work  on  the  Trias,  in  1882, 
convinced  me  of  the  intrusive  nature  of  East  Rock,  on  the  back  slope  of  whidi 
"  a  very  strongly  baked  granitic  sandstone  is  found  within  a  few  feet  of  fine  com- 
pact trap  "  (On  the  Relation  of  the  Triassic  Traps  and  Sandstones  of  the  eastern 
United  States.  Bulletin  Museum  Comp.  Zool.,  vii,  1883,  2H8.)  Sal lonstall  ridge 
was  regarded  at  the  same  time  as  an  extrusive  sheet,  and  contrasted  with  the 
intrusivetn,  *'  such  as  Kast  Rock  and  the  Palisades  "  (ibid,  269).  Specific  account 
of  the  evidence  on  which  the  intrusive  nature  of  East  Rock  was  argued  is  giren 
in  the  essay  by  Mr.  Whittle  and  myself,  entitled  *'  The  Intrusive  and  Extrusive 
Triassic  Trap  Sheets  of  the  Connecticut  Valley"  (Bulletin  M.  0.  Z^  xrii, 
1889,105). 

Another  point  in  which  my  interpretations  have  been  misunderstood  concerns 
Mt  Carmel  and  the  associated  large  dikes  of  the  Blue  Hills,  southwest  of  Wil- 
lingford.  I  have  been  quoted  as  calling  these  dikes  **  buried  volcanoes,"  but  (m 
the  other  hand  I  have  regarded  them  as  the  underground  necks  of  yoksnoes 
from  which  some  of  the  extrusive  sheets  were  poured  out  As  such  tbey  we 
monuments  of  "  lost  volcanoes,"  but  they  are  by  no  means  "buried  volcanoes." 
(See  Bull.  Geol  Soc.  America,  ii,  1891,  420-421;  also.  The  Lost  Volcanoes  of 
Connecticut  Pop.  Sci.  Monthly,  Dec,  1891,  2*26.)  Having  someiimes  been  taken 
to  task  for  not  considering  the  flows  of  Saltonstall,  Totoket  and  the  other  rid^ 
farther  north  to  be  intrusive  sheets,  it  is  now  a  little  amusing  to  be  called  to 
account  for  not  considering  the  undoubtable  intrusive  sill  of  the  Palisades  in  New 
Jersey  to  be  an  extrusive  sheet  and  this  on  no  other  evidence  than  its  great 
exient  roughly  conformable  with  the  bedding.  (See  Lyman's  recent  Report  on  the 
"New  Red"  of  Bucks  and  Montgomery  Cos.,  Penna.,  in  Final  Report,  1895, iii> 
2621.) 
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account  of  the  use  of  it  for  a  number  of  years  past  as  one  of 
the  stopping  places  for  a  week  or  two  of  our  summer  course  in 
geology :  thus  the  ground  has  been  carefully  and  repeatedly 
explored  by  teachers  and  schoIai*s,  and  the  explanations  sug- 
gested to  account  for  its  structure  have  been  subjected  to  close 
scrutiny.  A  brief  account  may  be  given  of  the  evidence  on 
which  the  extrusive  origin  of  the  three  lava  sheets  rests. 

In  all  three  sheets,  the  upper  surface  is  vesicular  where 
exposed  near  the  base  of  the  back  slope.  This  makes  a  strik- 
ing contrast  with  the  dense  upper  surface  of  the  East  Rock  and 
West  Rock  sheets,  and  at  once  raises  a  strong  presumption  in 
favor  of  extrusion.  Not  satisfied,  however,  with  this  alone, 
careful  search  has  been  made  for  critical  contacts  and  struc- 
tures in  the  sheets  of  the  separate  blocks. 

In  the  Higby  block,  the  lower  part  of  the  anterior  sheet  con- 
sists in  part  of  volcanic  ash  and  lava  blocks ;  at  the  upper  sur- 
face of  the  sheet  numerous  detached  fragments  of  vesicular 
trap  have  been  found  in  the  sandstone.  The  main  sheet  also 
is  immediately  overlain  by  a  sandstone  containing  many  frag- 
ments of  vesicular  trap.  No  evidence  for  the  posterior  sheet 
has  been  found. 

In  Chauncey  block,  the  anterior  sheet  has  a  bed  of  ash  and 
lava  blocks  at  its  base;  and  its  upper  vesicular  surface  is 
covered  with  sandstone  containing  many  trap  fragments,  well 
shown  when  the  reservoir  was  in  process  of  construction  in 
the  anterior  valley.  A  gulley  on  the  back  slope  of  the 
main  sheet  discloses  an  overlying  stratum  of  sandstone  hold- 
ing amygdaloidal  trap.  A  railroad  cut  at  the  southern  end 
of  the  posterior  sheet  exhibits  the  usual  "mixture"  of  vesicu- 
lar trap  fragments  in  the  sandstone,  as  if  a  clinkery  field  of 
"aa" — in  the  Hawaiian  sense — had  been  buried  by  a  deposit 
of  sand  and  mud:  the  fresh-cut  rock  here  exposed  several 
years  ago  frequently  revealed  minutely  stratified  sediments  in 
the  open  vesicles  of  the  trap,  both  in  the  loose  fragments  and 
in  the  back  of  the  sheet  itself ;  and  tlie  stratification  of  these 
little  deposits  was  always  parallel  to  that  of  the  adjacent  sand- 
stones and  shales. 

In  Lamentation  block,  the  base  of  the  anterior  sheet  con- 
tains the  heavy  bed  of  ash  and  lava  blocks  that  has  in  recent 
years  become  well  known  to  the  people  of  Meriden,  but 
unfortunately  under  the  name  of  "  the  volcano."  Tliere  is  no 
evidence  of  any  vent  or  local  eruption  to  be  found.  The  back 
of  this  sheet  has  the  usual  "  mixture,"  and  among  the  basal 
beds  of  the  overlying  sandstone  there  is  a  stratum  of  tuff-like 
nature.  The  back  of  the  main  sheet  at  its  northern  end  is  cut 
by  Spruce  brook  so  as  to  expose  the  sandstone  where  it  filled 
the  spaces  among  a  confusion  of  vesicular  fragments.     The 
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posterior  sheet  does  not  here  give  decisive  evidence  of  its 
ori^n. 

The  Quarry  block  will  be  described  in  detail  below. 

In  Cat-hole  block,  the  anterior  sheet  is  opened  in  a  small 
quarry  near  its  base,  where  a  ropy  flownstructure  is  exposed. 
The  vesicular  upper  surface  of  this  sheet  is  well  seen,  but  no 
actual  contacts  are  found.  The  main  and  the  posterior  sheets 
in  this  block  have  afforded  no  evidence  as  to  their  manner  of 
origin. 

In  Notch  mountain  block,  a  water-worn  fragment  of  vesicular 
trap  has  been  found  in  the  sandstone  about  a  foot  above  the 
very  scoriaceous  upper  surface  of  the  anterior  sheet.  The 
main  and  posterior  sheets  afford  no  evidence. 

In  West  Peak  and  Short  mountain  blocks,  no  exposures  of 
upper  contacts  have  been  found. 

Other  blocks  north  and  south  of  the  Meriden  district  afford 
repeated  instances  of  "  mixture  '*  at  the  upper  contact :  for 
example  in  the  gorge  of  Farmington  river  at  Tariffville.*  It 
should  be  understood,  however,  that  while  the  lines  of  upper 
contact — sandstone  on  lava  sheet — must  measure  many  miles 
in  total  length,  it  is  only  here  and  there  that  they  are  exposed 
to  sight,  and  then  for  but  a  few  feet.  To  the  geologist  not 
familiar  with  these  small  but  significant  exposures,  the  suffi- 
ciency of  the  evidence  of  extrusion  in  the  several  blocks  may 
be  doubted,  such  is  the  prepossession  in  favor  of  *' dikes**  and 
"  intrusions  "  when  dealing  with  igneous  rocks.  The  suflSciency 
of  the  evidence  in  one  block  to  prove  the  extrusion  of  sheets 
in  neighboring  blocks,  where  no  contacts  are  found,  may  be 
seriously  questioned,  so  naturally  is  suspicion  aroused  when 
stratigraphic  continuity  is  broken  :  but  after  repeated  observa- 
tion on  the  ground  I  believe  that,  taken  altogether,  the  evi- 
dence of  extrusion  of  the  anterior,  main,  and  posterior  sheets 
is  overwhelming  and  incontrovertible. 

When  the  lava  beds  are  once  clearly  recognized  as  extrusive, 
they  may  be  used  with  any  other  members  of  the  rock  series 
in  stratigraphic  studies.  The  systematic  repetition  of  the 
anterior,  main,  and  posterior  ridges  in  orderly  succession  over 
and  over  again,  naturally  suggests  faulting :  a  line  passing  by 
the  northern  end  of  one  set  of  the  three  ridges  will,  if  con- 
tinued to  the  soutliwest,  pass  by  the  southern  end  of  the  set  in 
the  next  block :  the  lines  of  this  kind  also  mark  the  termina- 
tion on  one  side  or  the  other  of  various  minor  ridijes  of  sand- 
stone  on  conglomerate :  tlie  same  lines  lead  to  the  occasional 

*  See  an  article  by  Professor  W.  North  Rice,  this  Journal,  xxxii.  1 886,  430- 
433.  Al30,  The  Intrusive  and  Kxtrusive  Triassic  Trap  Sheets  of  the  Connecticut 
Valley,  by  Davis  and  Whittle,  in  Bull.  Museum  Comp.  Zool.,  xvi,  1889,  99-136. 


Dawis — Quarries  in  the  Lava  Beds  at  Meriden.  7 

shanges  of  dip,  these  changes  always  departing  from  the  rule 
>f  the  monocline  in  such  a  way  as  to  indicate  a  drag&^ing  pull 
From  the  neighboring  fault :  finally,  it  is  upon  these  lines  that 
3Cca8ional  "dikes"  of  brecciated  structure  are  found,  agreeing 
in  strike  and  dip  with  the  expected  attitude  of  normal  fault 
planes.  All  these  features  occur  so  repeatedly  and  systemati- 
sally  that  the  faulting  cannot  be  doubted  for  a  moment  when 
the  facts  become  familiar.  One  after  another  of  the  ridges  of 
lava,  sandstone,  or  conglomerate  that  continue  without  inter- 
ruption across  a  block  will  submissively  end  as  they  reach  the 
invisible  oblique  line  of  a  fault.  Examples  of  this  submission 
are  so  numerous  and  so  systematic  that  the  faulting  of  the 
blocks  may  be  considered  as  conclusively  proved  as  the  extru- 
sion of  the  lava  beds.* 

For  those  to  whom  it  seems  questionable  to  use  lava  beds  as 
if  they  were  sedimentary  strata,  a  reassuring  confirmation  of 
ihe  occurrence  of  faults  may  be  found  in  the  repetition  of  two 
)eds  of  fossiliferous  black  shale,  one  in  the  anterior  and  the 
>ther  in  the  posterior  valley  adjoining  the  ridges  of  the  main  lava 
heet  Here  the  more  customary  stratigraphic  argument  for 
aulting,  re-enforced  by  paleontological  support,  leads  to  the 
ame  conclusion  as  that  already  reached,  but  less  definitely  to 
ay  mind,  for  the  beds  of  black  shale  are  topographically  weak, 
.nd  are  so  seldom  exposed  that  they  prove  only  tne  occurrence 
mt  not  the  location  of  the  faults  by  which  they  are  dislocated.f 

It  is  only  when  the  facts  and  conclusions  here  briefly  out- 
ined  are  familiar  that  the  Meriden  quarries  gain  their  full 
'^alae.     They  are  then  seen  to  be  not  only  serviceable  as  excel- 

*  Details  ooDceming  the  faults  in  the  Meriden  diBtrict  may  be  found  in  *'  The 
faults  in  the  Triaasio  B'ormation  near  Meriden,  Connecticut."  Bull  Mus.  Comp. 
k>dL,  xvi,  1889,  61-86. 

f  Further  details  on  this  subject  are  given  in  "  Two  belts  of  fossiliferous 
(lack  shale  in  the  Triassic  Formation  of  Connecticut,"  Davis  and  Loper,  Bull. 
}eol.  Soc.  Amer.,  ii,  1891,  415-430. 

It  is  well  known  that  observations  which  are  convincing  to  one  geologist  may 
lot  appeal  forcibly  to  another.  This  was  illustrated  by  an  incident  during  the 
excursion  made  by  many  members  of  the  International  Geological  Congress  of 
891  from  Washington  to  the  West.  On  reaching  Salt  Lake,  a  recent  fault  along 
he  base  of  the  Wasatch  mountains  was  argued  from  the  visible  topographic  dis- 
ocation  of  the  alluvial  fans  and  glacial  moraines  at  the  foot  of  the  range  ;  but 
he  European  geologists  of  the  party  were  so  unaccustomed  to  arguments  based 
>n  topographic  form  that  with  hardly  an  exception  they  refused  to  credit  the  con- 
tusion as  to  recent  faulting  that  had  been  reached  by  the  geologists  of  our 
vestem  surveys.  It  was  only  after  repeated  examples  of  faulted  fans  and  moraines 
lad  been  seen  during  two  days  of  local  excursions  that  a  limited  acceptance  was 
illowed  for  what  seemed  to  many  of  us  as  a  very  clear  case.  With  this  m  mind, 
he  evidence  of  faulting  in  the  Connecticut  Trias,  as  supplied  by  the  ordinary 
itratigraphic  and  paleontological  arguments  from  the  black  shales,  has  been  a 
irelcome  addition  to  the  evidence  derived  from  the  lava  beds:  not,  however,  so 
nuch  for  its  effect  on  my  own  belief — for  the  argument  based  on  the  lava  beds 
leems  to  me  conclusive  alone— as  for  the  effect  it  might  have  on  others  to  whom 
he  lava  beds  may  not  seem  to  be  altogether  orthodox  members  of  the  sedimentary 
leriet. 
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lent  local  illuBtrationg  of  faulted  lava  beds,  but  also  as  typiol 
examples  of  structures  on  whose  recognition  the  interpretaticoi 
of  the  Triaseic  strncture  of  the  Connecticnt  valley  depends. 
The  locality  has  been  a  favorite  with  me  for  a  number  of  yeui, 
always  yielding  new  facts  on  repeated  viBit&  During  an  esnu^ 
sion  made  in  company  with  a  number  of  eeologists  at  the  cIok 
of  the  meeting  of  the  American  Association  in  Springfield, 
September,  1895,  the  lesson  of  the  quarries  was  fonnd  to  be  w 
much  enlarc;ed  by  their  extension  in  the  past  three  or  four 
years,  that  I  made  another  visit  there  a  few  weeks  later  jnst 
before  the  opening  of  our  college  year,  so  as  to  have  leisure  to 
examine  them  in  detail.  It  is  from  notes  taken  on  the  latter 
visit  that  the  following  description  is  written. 


The  quarries  are  opened  in  the  southern  quarter  of  a  mile 
of  tlie  Quarry  ridge,  which  extends  thence  northward  for 
about  a  mile.  The  oldest  quarry  is  at  the  end  of  the  ridge: 
the  others  were  opened  in  1S90.  They  are  worked  by  Messrs. 
John  S,  Lane  it  Son,  for  railroad  ballast  and  road  metal;  the 
rock  being  crushed  alongside  of  a  branch  of  the  Consolidsled 
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ndlroad,  by  which  it  ib  hauled  away.  Some  800,000  tons  have 
been  sold  in  the  last  five  years.  In  the  rough  sketch  here 
given,  the  lower  and  inner  part  of  the  quarries  is  occupied  by 
what  1  shall  call  the  lower  bed  :  the  upper  and  outer  part  by 
the  upper  bed.  The  surface  of  separation  between  tne  two 
beds  may  be  traced  without  much  difficulty ;  it  is  now  very 
clearly  shown  at  several  places,  but  its  distinctness  varies  with 
the  condition  of  the  quarry.  Followed  around  the  various 
faces  of  the  quarry,  this  surface  may  be  traced  with  more  or 
less  continuity  for  six  or  eight  hundred  feet ;  and  if  all  loose 
stuff  were  cleaned  away,  a  length  of  a  thousand  feet  might 
probably  be  measured.  I  have  attempted  to  show  the  contact 
in  fig.  3  by  a  line  that  breaks  the  shading  at  the  back  of  the 
quarries. 

The  deepest  part  of  the  lower  flow  now  exposed  is  in  the 
back  of  the  southern  one  of  the  new  quarries,  where  it  is  seen 
for  about  forty  feet  beneath  its  surface.  Here  it  is  of  a  bluish 
gray  color,  fine-grained  and  dense,  rarely  vesicular.  Nearer  its 
surface  it  becomes  red  or  purplish,  with  an  increasing  propor- 
tion of  vesicles.  The  red  color  does  not  seem  to  depend  on 
the  weathering  of  to-day,  for  it  is  fully  developed  deep  in  the 
quarries  and  in  massive,  unjointed  rock:  it  should  therefore  be 
ascribed  to  weathering  immediately  subsequent  to  eruption,  or 
to  underground  alteration.  The  color  is  often  so  strong  near 
the  upper  surface  that  this  part  of  the  trap  might  easily  be 
mistaken  for  baked  sandstone.  The  largest  regularly  shaped 
vesicles  in  the  upper  part  of  the  flow  are  nearly  an  inch  in 
diameter;  in  the  most  vesicular  rock  the  originally  empty 
spaces  must  have  occupied  at  least  a  third  of  the  entire  volume. 
Besides  the  spheroidal  vesicles,  now  tilled  chiefly  with  calcite 
and  chlorite,  there  are  occasional  irregular  cavities,  up  to  six 
inches  in  diameter,  more  or  less  completely  filled  with  crystal- 
Hne  minerals,  chiefly  calcite.  Mr.  Chapman,  foreman  of  the 
quarry,  assured  me  that  these  contain  water  when  first  opened 
in  fresh  broken  rock.  With  all  these  secondary  minerals,  how- 
ever, this  account  has  little  to  do. 

The  lower  bed  nowhere  exhibits  any  distinct  columnar  struc- 
ture, but  has  on  the  other  hand  a  tendency  to  split  into  slabs 
four  or  five  feet  thick,  along  weathered  joints  parallel  to  its 
surface.  The  scoriaceous  surface  of  the  flow  is  occasionally 
stripped  bare:  thus  at  present  there  is,  in  the  old  quarry  near 
its  southern  end,  an  area  measuring  about  sixty  by  ten  or  fif- 
teen feet,  where  its  rolling  form  is  well  exposed.  It  is  a  typ- 
ical example  of  the  Hawaiian  "  pahoehoe."  The  adjacent 
swells  of  the  surface  measure  three  to  six  feet  across,  and  their 
vertical  relief  may  reach  a  foot  or  more. 
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The  upper  bed,  as  far  as  exposed  in  the  quarries,  is  uulike 
the  lower  in  many  respecta  The  color  of  its  deeper  joint 
planes,  where  not  affected  by  weathering,  is  dark  steel-gray, 
greenish  or  bluish ;  the  fresh  broken  rock  is  dark  gray  or 
greenish,  without  any  of  the  bright  reds  or  purples  of  the  lower 
flow.  The  texture  is  dense  throughout,  vesicles  and  cavities 
bein^  very  unusual :  but  by  following  the  quarry  ridge  to  the 
northeast  about  a  third  of  a  mile,  one  may  And  the  ordinary 
vesicular  structure  of  the  upper  part  of  the  bed  there  exposed 
on  its  back  slope.  The  density  of  the  upper  bed  in  the  quarrr 
is  particularly  noticeable  where  it  rests  directly  upon  the  roll- 
ing surface  of  the  strongly  colored  and  highly  vesicular  lower 
bM.  At  the  point  in  the  old  quarry  where  the  surface  of  the 
lower  bed  is  best  exposed,  the  dense,  dark  lava  of  the  upper 
bed  fits  closely  into  all  the  inequalities,  the  two  beds  being 
sometimes  so  closely  welded  together  that  weathering  has  not 
loosened  them  along  the  surface  of  contact,  and  hand  speci- 
mens can  be  broken  off  showing  the  two  kinds  of  lava :  but  as 
a  general  rule  a  weathered  seam  or  parting  follows  the  contact 
The  columnar  jointing  of  the  upper  bed  is  fairly  well  devel- 
oped at  many  parts  or  the  quarries,  but  it  nowhere  produces 
columns  of  notable  regularity.  Near  the  base  of  the  upper 
bed,  the  rough  joint  columns  are  of  small  dimensions :  half  a 
foot  to  a  foot  in  diameter.  Some  fifteen  or  twenty  feet  above 
the  base  the  columns  are  (»ften  two,  three  or  four  feet  in  diam- 
eter. The  weathered  joints  in  the  rocks  near  the  surface  of 
the  ridge  are  yellowish  in  the  upper  bed,  but  brownish  in  the 
under  bed.  The  former  is  hard  enough  for  use  as  road  metal 
to  the  very  top  of  the  quarry,  but  the  latter  is  weak  and  rotten 
where  it  has  been  weathered.  The  stripping  of  the  ridge  in 
preparation  for  further  quarrying  exposes  many  well-glaciated 
rock  surfaces. 

The  various  original  features  of  the  two  masses  thus 
described  accord  so  perfectly  with  what  occurs  in  modern  vol- 
canic districts,  and  the  secondary  features  result  so  naturally 
from  the  long  lapse  of  time  that  the  rocks  have  existed,  that 
"a  double-bedded  lava  flow"  seems  to  be  a  well  warranted 
name  for  the  whole  structure.  Tiie  most  significant  features 
of  the  structurti  appear  over  so  large  a  quarry  face,  and  main- 
tain throughout  so  constant  a  relation  that  no  reasonable  doubt 
can  remain  as  to  their  meaning.  In  order  to  enforce  the  gen- 
eral recognition  of  a  conclusion  so  well  supported,  I  have 
replaced  the  ordinary  term   "trap  sheets"  with  the  more  sug- 

Sestive   term  '*  lava  beds,"  in  the  title  of  this  article,  and  hope 
lat  the  latter  term  may  come  into  common  use. 
The  absence  of  stratified  deposits  between  the  two  lava  beds 
may  be  variously  explained.     The  first  bed  may  have  tilled  the 
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shallow  waters  of  the  estnary  into  which  it  flowed,  so  that  its 
surface  was  exposed  to  the  air;  then  before  the  gradual 
depression  that  long  prevailed  in  the  region  succeeded  in  sub- 
:Z  merging  the  lava  surface,  the  second  bed  may  have  been 
poured  out  on  the  first.  If  the  top  of  the  first  bed  did  not 
reach  the  surface  of  the  estuary  waters,  it  must  be  supposed 
that  the  second  flow  occurred  before  a  perceptible  deposit  of 
sediment  had  time  to  form.  The  probabilities  seem  in  favor 
of  the  first  supp>osition  :  for  the  close  study  that  has  been  given 
to  many  good  contact  specimens  by  Mr.  Whittle  failed  to  detect 
wy  trace  of  stratified  deposits  between  tlie  two  lavas :  but  on 
the  other  hand,  a  few  grains  of  quartz  were  found,  not  deriv- 
able from  the  lava  and  perhaps  best  explained  as  wind-born 
sand. 

The  diflBculty  of  recognizing  the  double  structure  of  the 
"trap  sheet"  on  the  weathered,  drift-covered,  and  wooded 
surface  of  the  Quarry  ridge  prepares  the  observer  not  to  expect 
manifent  exhibition  of  double  bedded  structure  in  the  adjacent 
ridges  of  Cat-hole  and  Notch  mountain  blocks :  but  on  the 
back  of  Notch  mountain  there  are  good  indications  that  an 
npper  flow  occurs  above  the  greater  mass  of  the  sheet.* 

The  lava  beds  no  longer  he  horizontal  as  they  must  have  at 
the  time  of  their  extrusion,  but  dip  to  the  east-southeast  at  an 
angle  of  fifteen  or  twenty  degrees.  This  is  shown  by  the 
slope  of  the  vesicular  portion  of  the  under  bed ;  the  slope  is 
80  manifest  that  it  is  well  known  to  the  quarrymeu.  The 
sandstones  of  the  district  have  a  similar  dip,  thus  confirming 
the  idea  that  the  lava  beds  were  essentially  level  when  they 
were  poured  out,  and  that  they  were  afterwards  tilted  along 
with  tlie  whole  mass  of  the  formation.  Indeed  on  this  point 
there  can  be  no  doubt  with  regard  to  the  extrusive  sheets ;  but 
whether  the  intrusive  sheets  of  West  and  East  rocks,  near  New 
Haven,  were  driven  between  the  sandstone  beds  before  or  after 
tilting  is  not  definitely  settled.  The  opinion  that  they  were 
intmaed  after  the  tilting  of  the  stratified  beds  is  generally 
accepted ;  but  the  general  accordance  of  their  dislocations  with 
those  of  the  extrusive  sheets  in  the  Meriden  district  strongly 
suggests  that  both  the  intrusive  and  the  extrusive  sheets  took 
their  place  in  the  bedded  rocks  before  the  tilting  and  faulting 
occurred. 

The  evidence  of  faulting,  both  on  a  small  and  a  large  scale, 
is  remarkably  distinct  in  the  Meriden  quarries  and  their  imme- 
diate snrroandings.  Within  the  quarries  there  are  several  fis- 
sures, of  breadth  varying  up  to  five  or  more  feet,  filled  with 
fractured  rock,  now  more  or  less  weathered.     The  greater  part 

*  Bulletin  Museum  Gomp.  Zool.,  xvii,  1889,  81. 
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of  the  filling  is  of  trap  fragments  ;  bnt  the  space  between  the 
angular  blocks  of  trap  is  generally  filled  with  a  matrix  of  sand- 
stone or  sandy  shale ;  not  fragments  of  bedded  sandstone  and 
shale,  but  a  recomposed  mass,  presumably  derived  in  the  form 
of  sandy  or  muddy  powder  from  the  grinding  of  overlying 
sandstones  and  shales  at  the  time  of  faulting.  All  the  ordinary 
features  of  fault  structure  may  here  be  studied  to  good  advan- 
tage.* 

The  amount  of  movement  on  the  fault  lines  reaches  fifteen 
or  twenty  feet  in  the  best  examples  now  exposed  ;  this  being 
on  the  little  hill  of  rock  left  standmg  between  the  two  northern 

3uarries,  where  the  vesicular  surface  of  the  lower  lava  bed  is 
ropped  by  nearly  twenty  feet  on  the  northwest  side  of  the 
fault.  This  dislocation  is  very  clearly  exhibited  at  present 
Several  smaller  examples  of  measurable  throw  occur  in  varions 
parts  of  the  quarries.  The  trend  of  the  fractures  varies 
from  about  north-northeast  to  northeast,  the  latter  direc- 
tion being  that  of  a  little  swampy  water  course  that  ob- 
liquely terminates  the  quarry  ridffe  on  the  south.  The 
rock  exposures  nearest  to  this  little  valley  are  the  weath- 
ered breccias  on  the  margin  of  the  southern  quarry,  and 
there  is  every  reason  to  think  that  the  valley  itseli  is  nothing 
but  the  topographic  expression  of  a  broad  band  of  fractured 
rock,  produced  by  a  strong  fault.  The  distribution  of  ledges 
and  ridges  in  the  neighborhood  gives  full  support  to  this  idea. 
Just  across  the  little  valley  is  the  northern  end  of  a  ridge  of 
conglomeratic  sandstone,  whose  strike  would  carry  its  strata 
directly  into  the  lava  beds.  Although  the  lavas  were  poured 
out  previous  to  the  deposition  of  the  overlying  fragmental 
beds  and  although  the  pebbles  of  the  conglomeratic  beds  give 
evidence  of  rather  active  currents,  no  trap  fragments  are  to  be 
found  among  the  pebbles ;  and  this  increases  the  presumption 
that  the  two  masses — the  lava  beds  and  the  conglomeratic 
sandstones — do  not  lie  in  their  original  relative  positions,  but 
have  been  brought  into  their  present  relation  by  faulting. 
Adopting  provisionally  the  general  course  of  the  little  valley  as 
the  trend  of  the  dislocation  separating  the  two  dissimilar  ridges, 
and  walking  northeast  or  southwest,  abundant  confirmation  of 
this  idea  is  found.  The  sandstone  ridges,  coming  northward 
towards  the  line  of  the  supposed  fault,  end  on  reaching  it  in 
the  submissive  manner  already  described  ;  and  at  a  distance  of 
several  miles  to  the  northeast,  the  northern  ends  of  the  anterior, 
main  and  posterior  sheets  of  the  Lamentation  block  are  simi- 
larly truncated.  The  uplift  of  the  fault  is  then  seen  to  be  on 
the  eastern  side,  and  its  movement  approaches  two  thousand 

*  Details  are  given  in  the  article  on  "The  Faults  in  the  Triassic  Formation  near 
Meriden,"  already  referred  to. 
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feet ;  this  being  the  great  fault  of  the  region,  nambered  6  on 
fig.  2.  The  entire  structural  arrangement  of  the  district  is 
soon  found  to  accord  with  the  clue  suggested  by  the  quarries ; 
thus  enhancing  their  value  as  a  place  ^r  beginning  the  study 
of  the  region. 

The  best  approach  to  the  quarries  is  by  an  old  road  leading 
north  from  tne  highway  just  east  of  the  Fair  Grounds.  The 
observer  then  follows  the  ridge  of  conglomeratic  sandstone 
above  referred  to  for  a  little  distance  before  the  quarry  ridge 
comes  in  sight.  With  the  expectation  that  a  strong  topographic 
feature  would  suggest,  he  naturally  looks  forward  to  the  con- 
tinuation of  the  ridge  for  some  distance.  Hence  there  is 
always  an  element  of  surprise  when  dark  rocks  in  the  old 
quarry  first  rise  into  view  a  few  hundred  feet  to  the  north 
in  line  with  the  strike  of  the  conglomerates.  The  chief 
problem  of  the  region — the  relation  of  the  lava  beds  to  the 
sedimentaries — is  thus  brought  vividly  to  mind;  and  before 
returning  from  the  quarries  the  problem  may  be  advanced  far 
toward  solution. 

Harrard  University,  October,  1895. 


Abt.  II. — Note  on  Globular  Lightning  ;  by  O.  C.  Marsh. 

A  GREAT  deal  has  been  written  recently  on  the  various 
forms  of  lightning,  and  the  subject  itself  has  so  much  scien- 
tific interest,  that  it  may  be  worth  while  to  place  on  record  an 
observation  of  my  own  on  globular  lightning,  made  years  ago, 
in  which  the  main  facts  are  different  from  any  I  have  seen 
described. 

On  Tuesday,  July  23,  1878,  I  was  on  board  a  large  yacht  at 
anchor  in  the  harbor  of  Southampton,  England.  About  two 
o'clock  in  the  afternoon,  when  we  were  about  to  sail,  a  violent 
thunder  storm  came  up  from  the, west,  and  as  it  passed  over 
Southampton,  several  bolts  descended,  one  of  which,  as  I 
afterwards  learned,  struck  a  church.  As  the  first  drops  of  rain 
came  down  on  the  yacht,  I  was  standing  in  the  after  compan- 
ion way,  looking  forward,  when  my  attention  was  attractea  by 
a  bright  light  apparently  near  the  upper  part  of  the  foremast. 
When  I  first  saw  it  distinctly,  it  was  about  half-mast  high,  and 
was  falling  slowly  and  directly  toward  the  deck.  This  light 
was  a  ball  of  fire,  a  delicate  rose-pink  in  color,  pear-shaped  in 
form,  with  the  large  end  below,  and  appeared  to  be  tour  or 
five  inches  in  diameter  and  six  or  eight  in  length. 
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When  it  struck  the  deck,  abont  forty  feet  from  where  I  was 
standing,  there  was  a  loud  explosion,  and  it  was  some  minateB 
before  it  could  be  ascertained  what  damage  had  resulted.  The 
mate,  who  was  near  the  mainmafit,  about  twenty-five  feet 
from  where  1  stood,  was  knocked  down,  but  soon  recovered. 
The  same  bolt,  or  part  of  it,  also  passed  in  front  of  the  fore- 
mast,  down  a  windsail  ventilator,  into  the  galley,  where  it 
knocked  a  large  tin  pan  from  the  hands  of  a  cook,  and  upset 
things  generally  in  the  culinary  department,  but  injured  do 
one  seriously.  Of  the  crew,  some  were  on  deck  and  some 
below,  but  none  were  really  harmed,  although  a  few  were 
badly  demoralized.  A  strong  ozone-like  odor  was  observed 
immediately  after  the  explosion,  and  this  remained  perceptible 
for  some  time. 

The  officer  in  command  of  the  yacht.  Captain  Matthews, 
who  was  forward  at  the  time,  and  escaped  without  injarj, 
stated  that  just  after  the  stroke,  he  saw  '^streaks  of  lightning 
running  around  on  deck  like  snakes."  I  was  myself  only 
dazed  tor  a  moment  by  the  explosion,  and  saw  distinctly  that 
the  deck  forward  was  illuminated  with  a  bright  confused 
light.  The  owner  of  the  yacht,  George  Peabody  Russell,  and 
his  other  guests,  had  gone  below  when  the  storm  began,  and 
suffered  no  harm,  except  possibly  from  fright,  as  they  were 
still  further  away  from  the  stroke. 

As  soon  as  the  storm  had  passed,  I  made  careful  notes  of  the 
whole  occurrence,  with  drawings  and  measurements,  as  I  was 
much  interested  in  the  subject,  and  it  was  the  first  instance  of 
the  kind  I  had  seen  at  close  quarters.  An  inspection  showed 
that  the  vessel  itself  had  sustained  no  material  damage,  and 
not  even  permanent  marks  were  left  on  the  deck  where 
the  ball  of  fire  exploded.  A  number  of  other  yachts  were  at 
anchor  quite  near  our  vessel  at  the  time,  among  them  the 
white  "Sunbeam"  just  home  from  her  well-known  voyage, 
but  we  saw  no  indications  that  any  of  these  had  been  struck. 
I  had  no  time  to  inquire,  as  immediately  after  the  storm  we 
sailed  on  a  cruise  to  the  eastward.* 

Yale  UniverBitj,  New  HaveD,  Conn.,  December  4,  1895. 

*  Those  interested  in  the  rarer  forms  of  lightning  will  find  manj  obserTation* 
recorded  in  **  Nature,"  especially  during  the  last  fifteen  years. 


LUUehalM — Form  of  Isolated  Submarine  Peaks,       16 


Abt.  III. — The  Form  of  Isolated  Svhmarine  Peaks;   by 
G.  W.  LiTTLEHALES,  TJ.  8.  Hydrographic  Office. 

Theobetically  the  form  of  an  isolated  SDbmarine  peak 
would  be  that  of  a  solid  of  revolution  in  which  the  crushing 
strength  of  any  section  is  equal  to  the  combined  weight  of  the 
portion  of  the  formation  above  that  section  and  of  the  superin- 
cumbent body  of  water.  Let  y  denote  the  radius  of  any  sec- 
tion, and  X  its  distance  from  the  top  of  the  formation.  Let  K 
denote  the  coefficient  of  crushing  strength  of  the  material 
composing  the  formation ;  d^  the  weight  of  a  unit  of  its  vol- 
ume; ana  ^',  the  weight  of  a  unit  of  volume  of  sea- water. 

Assuming  that  the  top  of  the  formation  just  reaches  to  the 
surface  of  the  ocean, 

ndfy^dx  =  the   weisht  of  the  formation    above    any  section 
•^  whose  distance  from  the  top  is  a, 

^n6*  iy.  X,  dy  =  the  pressure  of  the  water  upon  the  formation 
^  above  any  section  whose  distance  from  the  top  is  x^ 

TcKy*  =  the  strength  of  any  section  to  resist  crushing. 

Then 

Trsfy^dx + 2  7r6'/y.  x.  dy  =  TtKy*  +  C  (1) 

in  which  C  is  a  constant  representing  the  excess  of  crushing 
strength  in  any  section  above  what  is  necessary  to  withstand 
the  pressure  caused  by  the  weight  of  the  formation  and  the 
weignt  of  the  superincumbent  body  of  water. 
By  differentiation,  equation  (1)  becomes 

7t6y\  dx-\-2n6'y.  x,  dy  =  2;rK .  dy 

d       dx  dy 


or 


2  (K-rf'aj)        y 


d         dx  dy  .. 

By  integration,  equation  (2)  becomes 

24>log(a^~)  =  logy 


or  a;  =  ^  +  f 


in  which  t  is  the  base  of  the  Naperian  system  of  logari 


r\ 
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Phis  equation  has  been  used  in  the  generalized  form, 
=  A+Be^®'*',  to  find  from  the  observed  bathy metric  data  in 
ation  to  Dacia  Bank  in  latitude  31^-10^  N.  and  longitude 
°-40'  W.,  Seine  Bank  in  latitude  33°-50'  N.  and  longitude 
^-20'  W.,  The  Salvages  in  latitude  30^-05'  N.  and  longitude 
°-55'  W.,  Enderbury  Island  in  latitude  3°-10'  S.  and  lon^i- 
de  171°-10'  W.,  and  the  shoal  in  the  North  Pacific  ocean  in 
iitude  32°-55'  N.  and  longitude  132°-30'  W.,  the  equation 
their  average  form. 

For  this  purpose  the  values  of  y,  expressed  in  nautical  miles, 
d  Xj  in  fathoms,  were  inserted  in  the  above  equation  and  a 
nditional  emiation  was  formed  for  each  of  the  submarine 
rmations.  From  these  conditional  equations  normal  equa- 
)nB  were  found  by  the  Method  of  Least  Squares,  which  gave 
e  values  of  the  constants  A  and  B.  The  resulting  equa- 
on  is 

ar=  +68-7985 +  641-8396  £^««fy, 

id  the  corresponding  curve  is  shown  in  the  accompanying 
iagram  together  with  others  which  have  been  plotted  from 
leasured  data  for  purposes  of  comparison. 
This  investigation  has  an  important  bearing  upon  the  inter- 
als  at  which  deep-sea  soundings  should  be  taken  in  searching 
)r  probable  shoals  in  the  open  ocean  and  in  developing  the 
iaracter  of  the  bottom  of  the  sea.  It  shows  that  isolated 
)rmations  occupying  comparatively  limited  areas  at  the  bottom 
an  and  do  occur  in  deep  water,  and  we  are  able  to  assign  at 
nee  the  maximum  interval  that  should  obtain  between  aeep- 
ea  soundings  taken  in  the  above-mentioned  operations.  The 
linimum  radius  at  the  bottom  which  a  dangerous  shoal  can 
ave  must  vary  directly  with  the  depth,  but  on  the  average,  in 
be  deep  sea,  it  may  be  stated  as  10  miles.  An  interval  of  10 
nles  coupled  with  an  interval  of  2  miles  would  be  sufficient 
or  general  development,  and  would  prove  with  certainty  the 
xistence  or  absence  of  any  formation  rising  close  to  the  sur- 
ace.  Of  all  the  possible  ways  in  which  a  10-mile  interval 
ould  lie  with  reierence  to  a  submerged  peak,  that  which 
rould  be  most  advantageous  for  a  prompt  discovery  of  its 
xistence  is  the  condition  in  which  one  end  of  the  interval  is  at 
lie  bottom  of  the  slope  and  the  other  near  the  apex,  and  that 
^hich  would  be  least  advantageous  is  the  condition  in  which 
lie  interval  is  bisected  by  the  position  of  the  apex.  In  the 
itter  case,  there  would  be  nearly  equal  soundings  at  both  ends, 
ot  the  soundings  at  tHe  ends  of  the  adjacent  2-mile  intervals 
ould  immediately  disclose  the  slopes. 

Am.  Jour.  Sci. — Fourth  Series,  Vol.  I,  No.  1. — January,  1896. 
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Abt.  IV. — On  the  Double  Fluorides  of  Cassium  and  Tat- 
conium ;  by  H.  L.  Wells  and  H.  W.  Foote. 

In  connection  with  his  comprehensive  work  on  zirconoflu- 
orides,  Marignac*  has  investigated  the  double  fluorides  of 
zirconium  with  ammonium,  sodium  and  potassium,  and  since 
the  corresponding  csBsium  salts  have  never  been  investigated, 
we  have  undertaken  a  study  of  them. 

The  following  table  gives  Marignac's  ammonium  and  potas- 
sium salts,  together  with  those  which  we  have  prepared  with 
c8Bsium : 

3 : 1  Type.     2 : 1  Type.        1  :  1  Type.         2  :  3  Type. 

3NH,F.ZrF,  2NH,F.ZrF,     

3KF.ZrF,       2KF.ZrF        KF  .  ZrF, .  H,0     

2C8F.ZrF^      CsF.ZrF^.H^O   2C8F . 3ZrF, .  2H,0 

The  analogy  between  two  types  of  caesium  and  potassium 
salts  is  complete,  while  one  type  varies  in  each  series.  No 
evidence  has  been  found  that  caesium,  in  this  case,  forms  a 
greater  variety  of  compounds  than  potassium. 

The  symmetrical  arrangement  of  the  vacancies  in  the  table, 
where  no  salts  have  been  discovered,  indicates  that  alkaline 
fluorides  of  lower  molecular  weight  combine  with  a  relatively 
smaller  number  of  molecules  of  zirconium  fluoride,  while  those 
of  higher  molecular  weight  combine  with  a  greater  number  of 
such  molecules. 

The  2 : 1  type  is  the  only  one  occurring  in  all  three  series. 
This  is  the  common  and  usually  the  only  type  of  double  halo- 
gen salts  formed  by  tetravalent  elements,  hence  its  occurrence 
in  all  cases  was  to  be  expected.  The  single  sodium  salt 
described  by  Marignac,  5NaF .  2ZrF^,  does  not  correspond  to 
any  of  the  compounds  in  the  above  table,  but  it  is  to  be  noticed 
that  the  composition  corresponding  to  this  formula  varies  but 
little  from  that  required  for  2NaF .  ZrF^.  Although  Mariraac's 
work  on  this  salt  was,  as  usual,  very  thorough  and  careial,  it 
seems  possible  that  his  products  may  have  been  the  2 : 1  »alt 
containing  a  small  amount  of  some  impurity,  possibly  a  3 : 1 
conipouna. 

Marignac  described  the  salts  Mn,ZrF, .  6H,0,  Cd,ZrF, .  6H,0, 
Zn,ZrF,.  12H,0  and  Cu,ZrF, .  12H,0,  all  of  which  correspond 
to  a  4 : 1  type  which  has  not  been  obtained  with  the  alkali- 
metals.  This  type  and  those  given  in  the  preceding  table 
make  Ave  varieties  of  zirconofluorides,  one  of  which  has  been 
discovered  in  the  present  investigation. 

♦Ann.  Ohim.  Phys.,  Ill,  Ix,  267. 
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The  materials  used  for  the  preparation  of  the  csdsiiim  salts 
inder  coDsideration  were  carefully  purified  by  ourselves. 
Hydrofluoric  acid  was  made  from  perfectly  pure  fluor-spar  and 
mlphuric  acid,  using  a  platinum  still  and  redistilling  the 
product.  Caesium  carbonate,  purified  by  the  method  described 
)y  one  of  us,*  was  used  in  preparing  the  fluoride.  Zircon  was 
used  as  the  source  of  zirconium.  The  crude  hydroxide  was 
X)nveniently  obtained  by  fusing  the  finely  pulverized  mineral 
with  four  parts  of  sodium  carbonate,  treating  the  resulting 
mass  with  hydrochloric  acid,  evaporating  with  an  excess  of 
mlphuric  acid  until  the  latter  fumed,  taking  up  with  water, 
filtering  and  precipitating  with  ammonia.  For  purifying  the 
dreonia,  the  method  of  Mitchell  which  has  been  advocated  by 
Baskervillef  was  found  convenient.  This  consists  in  dissolving 
the  zirconium  hydroxide  in  hydrochloric  acid,  nearly  neutraliz- 
ing with  ammonia,  adding  a  strong  solution  of  sulphur  dioxide 
and  boiling.  The  precipitate,  which,  from  the  results  of 
Yenable  and  Baskerville,:]:  appears  to  be  a  basic  zirconium 
Bnlphite,  can  readily  be  washed  free  from  iron. 

The  double  salts  were  prepared  by  mixing  solutions  of  the 
two  fluorides  in  widely  varying  proportions,  m  the  presence  of 
more  or  less  hydrofluoric  acid,  evaporating  to  the  proper  point 
and  cooling. 

When  caesium  fluoride  is  in  excess,  even  with  very  small 
amounts  of  zirconium  fluoride,  the  salt  2CsF .  ZrF^  is  formed. 
It  crystallizes  in  rather  large,  simple  hexagonal  plates,  show- 
ing negative  double  refraction,  and  it  can  be  recrystallized 
michanged  from  water. 

When  a  larger  proportion  of  zirconium  fluoride  is  used,  the 
salt  CsF  .  ZrF^ .  H,0  is  obtained.  This  forms  monoclinic  crys- 
tals elongated  in  the  direction  of  the  h  axis,  and  with  faces 
which  are  usually  too  rough  for  accurate  measurement.  This 
salt  also  can  be  recrystallized  unchanged  from  water. 

With  a  large  excess  of  zirconium  fluoride  extremely  small, 
difficultly  soluble  crystals  of  the  salt  2CsF.  3ZrF,.  2B[,0  are 
produced.  The  small  crystals  have  a  slight  action  upon  polar- 
ized light,  but  their  form  could  not  be  made  out.  It  does  not 
recrystallize  from  water  in  a  pure  condition,  the  product  being 
mixed  with  the  1 : 1  salt. 

To  determine  csesium  and  zirconium,  the  fluorides  were  con- 
verted into  sulphates,  then  zirconium  was  separated  from 
csesium  by  the  use  of  ammonia,  and  zirconium  oxide  and 
csesium  sulphate  were  finally  weighed.  In  order  to  determine 
fluorine  a  separate  portion  was  dissolved  in  water,  zirconium 
hydroxide  was  precipitated  with  ammonia,  sodium  carbonate 

*Thi8  Jooinal,  xhi,  188.  f  Jour.  Am.  Ohem.  Soc.,  xvi,  475. 

\  Jour.  Am.  Ohem.  Soa,  xyii,  448. 
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was  added  in  slight  excess  to  the  filtrate  and  all  the  ammonii 
was  removed  by  evaporation.  To  the  hot  solution  calcium 
nitrate  was  added,  and  the  resulting  precipitate,  after  ignition, 
was  cautiously  treated  with  dilute  formic  acid  until,  after 
evaporation  on  the  water-bath,  a  further  addition  of  the  acid 
prouuced  no  eflfervescence.  The  calcium  fluoride  finally 
remaining  after  a  final  evaporation  was  washed,  ignited  and 
weighed.  The  results  of  the  fluorine  determinations  wen 
invariably  somewhat  low. 

The  substitution  of  formic  acid  for  the  acetic  acid  usually 
used  in  removing  calcium  carbonate  from  the  fluoride  was  sug- 
gested by  the  greater  volatility  of  the  first  acid  and  the  solu- 
Bility  of  its  calcium  salt.  We  have  found  the  modification  to 
be  an  improvement  as  far  as  convenience  is  concerned,  bat  m 
are  not  yet  prepared  to  say  that  it  is  more  accurate  than  the 
old  method. 

Water  was  determined  by  heating  the  substance  in  a  boat 
behind  a  layer  of  dry  sodium  carbonate  in  a  combustion-tube, 
and  collecting  and  weighing  it  in  a  calcium  chloride  tube. 

The  following  analyses  of  separate  crops  were  made : 


2C8F. 

ZrF4 

A. 

B. 

0. 

Calculated. 

Caesium 

66-41 

M  w  M  M 

65-61 

66-60 

Zirconium 

....   18-94 

19-30 

19-16 

19-16 

Fluorine 

22-73 

22-76 

«      «■       M      S 

24-26 

Water 

1-63 

0-98 

0-97 

The  small  amount  of  water  found  in  the  analyses  was  evi- 
dently mechanically  included,  for,  under  the  microscope,  bub- 
bles of  mother-liquor  could  be  occasionally  seen  within  the 
crystals. 

CsP .  ZrP4 .  H,0 
A.  B.  Calculated. 

Caesium 3844  39-68 

Zirconium 27*19  27-11  26-79 

Fluorine 27*24  27-52  28-27 

Water 6-27  6*20  5-36 

2CsF.3ZrF4.2HaO 
A.  B.  Calculated. 

Caesium 32-03  30-56  31-74 

Zirconium 32*46  33-48  32-22 

Fluorine 31-09  30*43  31*74 

Water 4-40  3*96  4-30 

Sheffield  Scientific  School, 
New  Haven,  Conn.,  July,  1896. 
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.  V. — Section  of  the  Cretaceous  at  El  Paso^  Texas  /* 
by  T.  W.  Stanton  and  T.  Wayland  Vaughan. 

IE  detailed  section  of  the  Cretaceous  of  the  Texas  region 
described  is  of  interest  because  it  is  the  most  western  of 
outlying  areas  of  tlie  Texas  Cretaceous  as  yet  described, 
5  600  miles  south  of  west  from  Denison,  and  530  miles 
1  of  west  from  Austin.f 

Ithough  the  details  of  the  El  Paso  section  have  not  hitherto 
published,  many  references:]:  have  been  made  to  it  in 
literature,  and  collections  of  fossils  have  been  made  there 
Hr.  R.  T.  Hill  and  Dr.  E.  A.  Mearns,  U.  S.  A.  Mr. 
*s  collection  is  at  the  Johns  Hopkins  University,  and  that 
>r.  Mearns  is  deposited  in  the  U.  S.  National  Museum. 
be  section§  here  described  was  made  in  Mexico  and  New 
ico  near  the  Initial  Monument  of  the  Mexican  Boundary 
rey,  about  three  miles  west  of  the  city.  The  lowest  part 
is  exposed  in  the  cutting  of  the  Southern  Pacific  railroad 
;he  west  bank  of  the  Rio  Grande,  where  it  cuts  the  pass 
ugh  the  mountains.  The  section  extends  from  here  to  the 
M  the  hill  across  the  arroyo  southeast  of  the  Initial  Monu- 
t  of  the  Boundary  Survey.  The  rocks  are  greatly  faulted, 
ed  and  disturbed  by  igneous  intrusions,  so  to  obtain  the 
ence  and  thickness  of  the  beds  it  was  necessary  to  estab- 
horizons  and  measure  between  them  where  we  could  find 
3.  Therefore,  the  highest  beds  of  the  section  are  not  at 
southeastern  end  of  the  exposures  that  we  examined,  but 
north  of  a  line  joining  the  initial  and  second  monuments 
he  Boundary  Survey,  where  the  rocks  abut  against  a  mass 
lornblende  porphyrite  which  is  intruded  through  them, 
downthrows  of  the  faults  are  usually  to  the  west, 
he  following  is  a  description  of  the  section  beginning  with 
highest  bed  : 

ublisbed  by  permission  of  the  Director  of  tbe  U.  S.  Geological  Survey, 
abb  in  vol.  ii  of  tbe  Paleontology,  Geol.  Survey  of  California,  pp.  257-276, 
describes  a  collection  of  fossils  made  by  Remond  from  Sierra  de  las  Conchas, 
Arevichi,  Sonora,  Mexico.  He  recognized  their  resemblance  to  the  Cre- 
as  fossils  of  Texas.  Mr.  R.  T.  II ill  says  concerning  these  fo<>SLl8,  in  this 
lal,  vol.  xlv.  p.  31H,  April,  1893,  **Tho  fossils  are  the  characteristic  fauna  of 
itest  or  WHshita  division  of  the  Comanche  Series,  and  resemble  the  varia- 
seen  at  Rl  Paso  and  Juarez  and  throughout  the  northern  littoral  of  the  latest 
3f  the  Comanche  Series." 

..  T.  Hill:  Bull.  GeoL  Soc.  of  America,  vol.  ii,  pp.  517  and  518,  May,  1891; 
Toumal,  vol.  xlv,  p.  312,  April,  1^9:i;  Bull.  G^ool.  Soc.  America,  vol.  v, 
2,  March,  1894;  this  Journal,  vol.  1,  p.  233,  September,  1895.  T.  W. 
yn :  In  notes  on  a  collection  of  fossils  from  near  Belvidere,  Kansas,  pub- 
1  in  R.  T.  Hill's  '*  Outlying  Areas  of  the  Comanche  Series  in  Kansas,  Okla- 
,  and  New  Mexico,"  this  Journal,  vol.  1,  p  218,  Sept.,  1895. 
he  description  of  the  Denison  Section  published  by  R.  T.  Hill,  Bull.  Geol. 
)f  America,  vol.  v,  pp.  303-304,  and  plate  13,  March,  1891,  should  be  con- 
I,  while  reading  the  defcriptiou  here  presented. 
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10.  SaDdatoDe,  white,  yellow, 
or   brownish,   with  shale 

btds u...    200ft. 

9.  Clay  shales,  with  bands  of 
limestone  noduleti,  contain- 
ing   great    nnmbers    of  a 

largetexogyra 40  ft 

8.  Hard  limeetooe  with  the 
same  species  of  Exogyra 

in  the  top ^..  lift 

T.  Sandstone,  whiteor  brown,  3DfLi 
6.  Upper  part  of  the  bed,  clay 
shales     alternating      with 
brown  sandy  flags. 

Brown  sandy  calcareons 
layers  at  base,  containinz 
GrypheeavxuhitaentU  Hill 
and  Nodotaria  texana  in 
great  abundance. 

The    G.    washitaentit  is 
confined    to   base.      30   ft. 
above    the    base,     Ostrea 
I  Bubovata.     Oitrea    guadri- 

l         plicata  iShum.  very  abund- 
I  ant  between  30  and  40  ft 

3  40  ft.  above  base  aone  of 

•  Kingena  wacoenaU 80'^ 

s    G.  Flaggy  argillaceous    lime- 
^  stone,  with  shale  partings. 

Layer  of  sandy  flags  at 
base.  In  the  sandy  flags, 
Cyprimeri'i.  In  the  lime- 
stone bands  Schlaenhachia 
Uotienais,  Gryphcea  washi- 
taensU,   I'rolocardia,    TVi- 


w 


top lOOft 

.  Clay  shales,  with  indurated 
calcareous  bands,  Ko  fos- 
sils were  found ISSfl 

,  Ledges  of  hard  limestone. 
Fossils  not  numerous;  at 
the  base,  there  is  a  con- 
siderable number  of  an 
undet('rmin<-d  S]>ecie8  of 
Grypkipa,  GryjilicBU  tucum- 
carii,  Xeithea,  and  Sahlcen- 
baehia 25  f 

I,  Kiagrna  wiicof  nsia,  Ostrea  qtiadriplic 
Osti-rn    salHtmli,       b.    Oryphfea    tn 

.  Oryphfeu  icn.tftit'ii'iisis.       d.  Sandy  I 
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Alternations  of  clay  and  soft  argillaceous  limestone 
ledges.  Fossils :  Exogyra  texana,  GhyphcBa  tttcum- 
cariiy  Ghryphcea  forniculatay  Schloenbachia  peruviana^ 
2  other  species  of  Schioenbachia^  and  a  large  Neithea^  24  ft. 
Argiilaceons  limestone,  in  thick  ledges,  weathering 
into  nodular  limestone,  the  nodules  surrounded  by 
clay.  Fossils:  Protocardia texanay  Tylostoma peder- 
ncUiSy  TrochuSy  Turritellay  Exogyra  texana^  an 
Anchuroid  genus,    2    sp.    ot    Kchinoids,  JPleuromya 

knotoltoniy  xtequienia^  etc 

1 1  feet  from  the  top  Ostrea  subovata  {f) 79  ft. 


Total  thickness 698  ft.± 

he  following  is  a  list  of  species  from  the  various  beds : 

JSTo,  9  of  Section. 
xogyra  sp.    A  large  species  related  to  E,  ponderosa  Roemer. 

No,  6  of  Section, 

Nodosaria  texana  Conrad. 

Terebratula  (Eingena)  wacoensis  Roemer. 

Ostrea  subovata    Shumard.      Typical  examples    of    the 

species. 
Ostrea  quadriplicata  Shumard. 
GryphsBa  washitaensis  Hill. 
Neithea  texana  (Roemer). 
Gervilliopsis  invaginata  White  ? 
Plicatula  incongrua  Courad. 
Modiola  sp. 

Trigonia  emoryi  Conrad. 

Cardium  (Protocardia)  multistriatum  Shumard  ? 
Turritella  sp.     Related  to  T.  planilaterie  Conrad. 

No,  5  of  Section, 

Pyrina  parryi  Hall. 

Enallaster  texanus  (Roemer). 

Epiaster  elegans  (Shumard). 

Gryphsea  washitaensis  Hill. 

Neithea  texana  (Roemer). 

Lima  n.  sp. 

Lima  wacoensis  Roemer  ? 

Modiola  sp. 

Cardium  (Protocardia)  texanum  Conrad. 

Turritella  seriatim-granulata  Roemer  ? 

Aporrhais?  ■  Distinct  from  those  in  No.  1. 

Natica  ? 

Schloenbachia  leonensis  (Conrad). 
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No.  S  of  Section. 

The  fauna  of  No.  8  is  essentially  the  same  as  that  of  No.  2, 
though  the  fossils  are  less  numeroas  and  not  so  well  preseired. 
Oryphosa  fomiculata  White,  Neithea  texana  Roemer,  SdUan- 
bachia  belknapi  Marcou,  aud  a  few  other  forms  were  recognixed. 

No  fossils  were  seen  in  No.  4. 

No.  2  of  Section. 

En  all  aster  texanns  (Roemer). 

Holectypas  planatus  Roemer. 

Gryphna  tucumcarii  Marcou. 

Oryphsea  forniculata  White. 

Exogyra  texana  Roemer. — Most  of  the  specimens  belong 

to  a  rather  robust  variety  described  by  Conrad  under 

the  name  Sxogyra  fragosa. 
Plicatnla  incongrua  Conrad. 
Neithea  texana  (Roemer). 
Pinna  comancheana  Cragin. 
Trigonia  emoryi  Conrad?     Imperfect  specimens  that  seeock 

to  be  referable  to  this  species. 
Cardium  (Protocardia)  texanum  Conrad. 
Pholadomya  sancti-sabsB  (Roemer)  ? 
Pleuromya  knowltoni  Hill  ? — Large  specimens  that  prot>- 

ably  belong  to  this  species. 
Tylostoma?  sp. 

Turritella  seriatim-granulata  Roemer? 
Schlosnbachia  peruviana  von  Buch. 
Schloenbachia  belknapi  Marcou. 
Schloenbachia  sp. 

No.  1  of  Section. 

Diplopodia  texanum  (Roemer). 

Enallaster  texanus  (Roemer). 

Ostrea  subovata  Shumard  ?     A  single  specimen  doubtfnllf 

referred  to  this  species. 
Exogyra  texana  Roemer. 
Lima  sp. 

Neithea  texana  (Roemer). 
Requienia  texana  (Roemer)  ?    A  large  specimen  probably 

of  this  species. 
Cardium  (rrotocardia)  texanum  Conrad. 
Pleuromya  knowltoni  Hill. 
Neritina  n.  sp. 

Tylostoma  pedernalis  (Roemer). 
Turritella  sp. 
Aporrhais  ?     Casts  of  two  species. 
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Notes  on  the  Fauna, 

kking  the  fauna  of  the  section  as  a  whole,  its  essential  iden- 
with  that  of  the  noted  Tucumcari  region  in  New  Mexico 
of  other  localities  on  the  western  and  northern  borders  of 
Lower  Cretaceous  area  is  at  once  apparent.  The  follow- 
list  of  species  reported  from  Tucumcari  is  compiled  by 
R.  T.  Hill  in  a  recent  paper  :* 

Turbinolia  texana  Conrad. 

Ostrea  marshi  Sowerby  (=0.  subovata  Shumard). 

Ostrea  quadripHcata  Shumard. 

Gryphsea  dilatata,  var.  tucumcarii  Marcou. 

Grypheea  pitcheri  Morton. 

Exogyra  texana  Roemer. 

Plieatnla  sp. 

Neithea  occidentalis  Conrad. 

Trigonia  emoryi  Conrad. 

Protocardia  multistriata  (Shumard). 

Protocardia  texana  Conrad. 

Cytherea  leonensis  Conrad. 

Pinna  comancheana  Cragin. 

Cardila  belviderensis  Cragin. 

Tapes  belviderensis  Cragin. 

Roudairia  (?)  quadrans  Cragin. 

Cyprimeria  sp. 

Turritella  seriatim-granulata  Roemer. 

Turritella  marnochi  White? 

Ammonites  leouensis  Conrad. 

hese  species,  according  to  Mr.  Hill,  come  from  sandy  and 
V  beds  below  the  supposed  Dakota  sandstone  with  a  total 
kness  of  115  feet. 

1  the  El  Paso  section,  although  there  are  one  or  two 
lies  that  range  from  Nos.  1  to  6  inclusive,  there  are  at  least 
te  well  marked  paleontological  zones,  each  characterized  by 
aliar  species  that  have  been  found  useful  as  guide  fossils  in 
ir  parts  of  the  Texan  Lower  Cretaceous  area.  Thus  the 
ils  from  No.  6  indicate  a  horizon  in  the  upper  part  of  the 
jhita  corresponding  to  the  Denison  beds,  that  portion  of 
Washita  in  the  Denison  section  that  overlies  the  restricted 
t  Worth  limestone. 

To.  6  contains  Schloenhachia  leonensis  and  Epiaster  eleganSy 
ch  are  regarded  as  the  most  characteristic  species  of  the 
t  Worth  limestone. 

hitlying  Areas  of  the  ComaDche  Series  in  Kansas,  Oklahoma  and  New 
CO,  this  Journal,  III,  vol.  1,  p.  230,  Sep(.,  1895. 
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Nos.  1,  2  and  3  may  be  grouped  together  as  the  lowest  of 
the  three  zones,  which  shows  a  commingling  of  fossils  that 
elsewhere  occur  in  the  lowest  Washita  and  in  the  Fredericks- 
burg, with  a  few  that  range  down  into  the  Trinity  division. 

In  north  Texas  the  same  species  of  Ammonites  occur  in  the 
Kiamitia  and  Duck  Greek  (the  Preston  beds)  at  the  base  of  the 
Washita  and  in  the  Goodiand  limestone,  which  belongs  in  the 
Fredericksburg.  Gryphcea  fomicvlata  is  a  Kiamitia  species. 
Mcogyra  texana  is  most  abundant  in  the  lower  part  of  the 
Fredericksburg,  though  it  ranges  beyond  both  the  lower  and 
the  upper  limits  of  that  division.  T^he  Echinoids  also  occar 
in  botn  the  Fredericksburg  and  the  Washita.  Requienia 
texana^  Pleuromya  knowltoni  and  Tylostoma  pedemalis  are 
other  forms  that  suggest  a  lower  horizon  than  the  Washita. 

The  evidence  of  the  fossils  taken  altogether  is  in  favor  of 
the  view  that  a  part  of  the  Fredericksburg  is  represented  here 
and  that  it  grades  into  the  basal  Washita  so  imperceptibly  that 
no  palseontologic  line  can  here  be  drawn  between  them.  The 
Caprina  limestone  and  its  characteristic  fauna,  which  in  Central 
Texas,  south  of  the  Brazos  river,  usually  affords  such  a  distinct 
plane  of  separation,  is  absent  here,  as  it  is  in  north  Texas  and 
m  all  the  outlying  Lower  Cretaceous  areas  of  Kansas,  Okla- 
homa and  New  Mexico.* 


Art.   VI. — On   the  E^idote  from  Huntington^  Mdss,^  and 
the  Optical  Properties  of  jEpidote  y    by  E.  H.  Forbes. 

In  the  fall  of  1892,  Mr.  W.  L.  Angell  of  Huntington, 
Mass.,  brought  several  crystals  to  the  Mineralogical  Laboratory 
of  the  Sheffield  Scientific  School  for  determination.  They 
resembled  zoisite  in  color  and  general  appearance,  but  upon 
examination  proved  to  be  epidote.  Their  light  color  and  the 
absence  of  the  usual  green  of  epidote  indicated  a  low  iron 
percentage  and  suggested  a  chemical  and  optical  investigation. 

Abundant  material  was  furnished  by  Mr.  Angell,  upon  whose 
farm  the  mineral  occurs,  and  some  was  also  collected  by  Profs. 
S.  L.  Penfield  and  L.  V.  Pirsson,  who  visited  the  locality  and 
found  the  epidote  occurring  in  a  seam  in  gneiss  associated  with 
quartz,  biotite,  albite  and  calcite.  When  the  crystals  project 
into  cavities,  they  have  a  dark  gray  color  and  are  clear  and 
transparent,  but  when  imbedded  in  the  matrix  they  are  much 
lighter  in  tone  and  less  transparent,  due  undoubtedly  to  crush- 
ing, as  the  crystals  are  permeated  by  cracks  and  some  are  bent. 

*See  this  Journal,  September,  1895,  p.  234. 
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refnlly  selected  crystals  were  taken  for  the  analysis,  which 
made  in  duplicate  according  to  the  usnal  methods.  The 
ns  iron  was  determined  as  described  by  Pratt.*  The 
bs  are  given  below,  together  with  the  specific  gravity 
minations,  which  were  made  upon  a  chemical  balance : 


»cino  gravity.. 

3-341 

3-379 
Average. 

3-389 

Averag 

Ratio. 

je. -3-367 

)    38-20 

,0,  .  . -   2900 
,0,  ..-'    6-63 

37-78 

37-99 

•633 

6-00 

30-06 
6-71 

29-63 
6-67 

•286  ) 
•036  \ 

•321 

3-04 

O 0-64 

0-6-2 

0-63 

•007  ) 

lO  ...     0-21 

0-21 

0-21 

•003  V 

-436 

4-13 

0 23-82 

23-87 

23-85 

-426  ) 

0 2-05 

2-03 

2-04 

•113 

1-07 

tal  ---   99-45       100-18 


99-82 


le  above  ratios  approximate  closely  to  6,  3,  4,  1,  which, 
ding  the  water  as  coming  from  hydroxyl,  gives  the 
ly  accepted  formula  H,Ca^AleSi,0„  or  Ca,(A10H[) Al,Si.O„, 
iich  the  calcium  has  been  partly  replaced  by  ferrous,  and 
inium  by  ferric,  iron.  The  analysis  is  interesting  as  show- 
remarkably  low  iron  percentage  for  epidote. 
le  crystals,  as  is  common  with  epidotes,  show  a  prismatic 
[opment  parallel  to  the  h  axis  and  some  of  the  largest 
measured  over  30"™  in  length  and  15°*™  in  diameter, 
are  usually  simple,  but  some  are  twinned  parallel  to  100. 
though  the  faces  of  the  crystals  were  brilliant,  yet  the 
itions  of  the  signal  on  the  goniometer  were  usually  poor 
le  planes  were  commonly  vicinal,  which  rendered  the 
arements  somewhat  uncertain.  Some  of  the  faces  in  the 
-diagonal  zone  were  deeply  striated,  so  that  there  was  a 
Duous  series  of  reflections  of  the  signal.  Upon  a  suite  of 
lis  which  was  measured,  the  following  forms  were  identi- 


a,    100 

w,  210 

r,  lOl 

n.  III 

c,    001 

6,    101 

k,  012 

q,  221 

fn,  110 

^,    102 

0,  Oil 

y,  211 

a 


All  of  these  were  found  upon 
a  single  crystal,  as  shown  in  the 
figure. 

On  the  simpler  crystals  the 
forms  a,   e,   ^,   r  and   n   were 

f)rominent  and  developed  about 
ike  fig.  5,  page  517,  6th  edition 
of  Dana's  Mineralogy. 


♦This  Jouraal,  xlviii,  p.  149,  1894. 
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The  following  is  a  list  of  some  of  the  measured  angles  com- 
pared with  the  calcalated  ones  derived  from  the  axes  of  N.  von 
^okscharow  Jr.* 

a:*:c=  1-67874:1  :  1-80362;  /?  =  64''  36'  60" 


MeMured. 

Calcalated. 

MeMured. 

Caleolated. 

CaO, 

GDI  ^100  =  64"31' 

64"  36'  50' 

CaT, 

001  A  101  =  63'*  31' 

62"  43' 

d  A  971, 

,100  A  110  =  54  34 

54   59   54 

Ca*. 

001  A  012  =  38    J9 

39   10 

C^f, 

001  A  101  =  34  43 

34  42  52 

C  A  YTI, 

•01a110  =  75     4 

75  45 

CaO, 

001  A  on  =  58  32 

58  27  45 

c^n, 

001,.  Ill  =  75    11 

75   11 

a  A  f, 

100  a  101  =29  48 

29  54 

c^q, 

001  A  221  =89   32 

89  42 

e^i. 

001  A  102  =  34  00 

34  21 

■ 

Each  of  the  above  is  the  mean  of  at  least  three  separate 
measurements,  and  their  agreement  is  very  satisfactory. 

The  optical  investigations  were  made  upon  a  single  large 
crystal  twinned  about  100  and  measured  to  make  sure  of  the 
orientation.  A  section  parallel  to  the  clinopinacoid  showed  a 
slight  zonal  structure,  and  the  central,  or  clearest  portion,  gave 
the  following  extinction :  a/s<?  red,  Li=  1°  61';  yellow,  Ka, 
2°  9' ;  green,  Tl,  2°  12',  and  for  white  light  with  the  Bertrand 
ocular  2°  47',  all  inclined  to  the  c  axis  in  the  obtuse  angle  /3. 
The  extinctions  were  measured  on  either  side  of  the  twinning 
plane  and  the  above  are  half  of  the  recorded  angles.  The 
value  with  the  Bertrand  ocular  is  considerably  higher  than  the 
others,  due  undoubtedly  to  the  influence  of  the  blue  and  violet 
of  white  light.  The  Untersulzbach  epidote  with  about  14  per 
cent  of  FcjOj,  gives,  according  to  Klein,t  oac  for  red  2°  56' 
and  for  green,  2°  26',  but  on  the  opposite  side  of  the  c  axis, 
that  is,  in  the  acute  angle  /9. 

For  the  indices  of  refraction  one  prism  was  cut  with  a  face 
parallel  to  010  and  its  edge,  as  near  as  possible,  parallel  to  the 
a  axis,  from  which,  by  placing  010  perpendicular  to  the  rays 
coming  from  the  collimator,  a  for  yellow,  Na  =  1-714  and 
Y  =  1*724  were  determined,  ^y  minimum  deviation  a  was 
also  found  to  be  1*714.  By  means  of  a  second  prism  parallel 
to  the  h  axis,  ^  was  found  to  be  1*716.  As  the  crystal  under 
examination  had  a  zonal  structure,  the  results  have  only  a  rela- 
tive value,  as  they  would  be  slightly  diflferent  in  another  part 
of  the  crystal. 

The  low  double  refraction  /'—a  =  0*010  is  below  that  of  any 
recorded  epidote. 

From  plates  cut  at  right  angles  to  a  and  c  the  axial  angles 
were  determined  by  measuring  in  a-mono-bromnaphthalene 
(;i,  Na,  =  1*6577)  on  a  large  Fuess  axial-angle  apparatus.  From 
the  plate  at  right  angles  to  a,  2lIo—  94°  33'  for  yellow  Na,  and 
from  the  second  plate  2H»=  93°  25'  were  measured.  From 
these  values  2Vo  =  90°  32',  2V.=  89°  28'  and  ^  =  1*7144  were 

*  Materialen  zur  Mineralogie  Russlanda,  viii,  p.  44.     f  Jalirb.  f.  Min.,  1874,  p.  1. 
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>btained.  In  this  crygtal,  a  instead  of  being,  as  is  nsnal,  the 
icute  becomes  the  obtuse  bisectrix  and  the  optical  character  is 
iherefore  positive. 

The  dispersion  was  distinctly  inclined.  In  the  section  at 
•ight  angles  to  c,  the  color  to  the  right  of  each  hyperbola  was 
violet  and  to  the  left  red,  bat  they  were  more  diflfused  in  one 
;han  in  the  other.  The  dispersion  /o<w  was  shown  by  the  fol- 
owing  measnrements :  211^  red,  Li  =  93°  10',  2R^  yellow,  Na= 
)3°  25',  2H.  green,  Tl  =  93**  51',  but  over  the  axis  a  the  disper- 
sion was  /o>w,  as  in  other  epidotes. 

The  pleochroism  was  quite  striking,  being  in  sections  about 
)'5°"  thick  for  rays  vibrating  parallel  to  b  a  lavender  or  pale 
>lum-color,  but  parallel  to  a  and  c  almost  colorless,  the  former 
showing  a  slight  tinge  of  lavender  and  the  latter  of  green. 

By  a  comparison  of  the  analysis  of  the  Huntington  with 
hose  of  other  epidotes,  it  was  found  that  the  light-colored 
)ne  from  Zillerthal  in  Tyrol,  analyzed  by  Laspeyres,*  was 
ilmost  identical  in  chemical  composition,  as  shown  by  the  fol- 
owing : 

SiO«      AUG.    FeaOs    FeO    MnO     CaO      HaO    Insol.    Total 
[Juntington,  37-99    29-53    5'Q1    0-53  0*21   23-85  2-04     ...      90-82 
Zillerthal,      38-46    28-59    5*76    0-53     .-.   24*60  1-92    0-42    100-28 

These  analyses  are,  moreover,  the  lowest  in  iron  percentages 
)f  any  recorded  epidotes.  As  no  optical  investigation  of  the 
crystals  from  Zillerthal  has  been  published,  one  was  made,  for 
Jake  of  comparison,  upon  a  specimen  in  the  Brush  collection. 
The  material  used  was  a  fragmentary  crystal  about  10°*™  in 
iiameter,  decidedly  zonal  and  of  a  pale  red  color  on  the 
jxterior,  but  pale  green  in  the  interior.  The  crystallographic 
mentation  was  determined  bv  measurement  of  the  angle 
LOO  yv  001  and  the  cleavage  parallel  to  001.  On  a  clinopinacoid 
section  the  extinction,  measured  with  the  Bertrand  ocular,  was 
:ound  to  be  a/^c  =  0°  80'  in  the  acute  angle  )9  for  the  interior 
rreen  portion  of  the  crystal,  but  for  the  exterior,  or  reddish 
3art,  it  was  about  0°  30'  in  the  obtuse  angle  )9. 

Prisms  were  cut,  as  in  the  Huntington  mineral,  with  their 
5dges  in  the  inner  green  portion  and  the  following  indices  of 
•efraction  determined  :  For  yellow,  Na,  a  =  1*720,  )9  =  1-7245, 
r=  1-7344, /'-a  =  0-0144.  From  a  plate  parallel  to  100  the 
iraluo  of  2Ho,  yellow  Na,  was  found  to  be  96°  40'.  (;«,  Na .  for 
z-mono-bromnaphthalene  being  1-6572)  and  from  which  2Va,  Na 
ivas  found  to  be  87°  46'. 

The  pleochroism  was  very  similar  to  that  of  the  Huntington 
jpidote.  For  sections  about  0  5"°*  thick  b  plum  color,  a  and  c 
luke  and  nearly  colorless  in  the  interior  greenish  part,  while  in 
he  exterior  reddish  envelope  a  was  pale  green  and  c  pale  rose. 

*Zeit8ohrift  fur  Krystallographie  und  Mineralogie,  iii,  p.  562,  1879. 
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For  farther  comparison  an  iron  determination  was  made, 
with  the  following  results  :  Fe,0,=  697,  FeO  =  -89  per  cent, 
using  as  far  as  possible  the  green  interior  portion  of  the  crys- 
tal, but  owing  to  the  scarcity  of  the  material,  some  of  the  red 
part  was  also  included.  If  only  the  green  interior  part  had 
been  used,  these  results  would  probably  have  been  a  trifle 
higher,  but  they  are  higher  than  those  given  by  Laspeyres, 
whose  analysis  was  made  on  carefully  selected  pale  yellow 
crystals. 

The  following  table,  containing  the  results  already  given, 
together  with  the  optical  determinations  on  epidote  from  Unter- 
suTzbach  in  Tyrol  by  Klein,*  will  show  the  changes  in  the  opti- 
cal properties  resulting  from  variations  in  the  percentages  of 
ferric  iron : 

2Va,  Na 
Locality.  FeaOi      Indices  of  refraction  for  yellow.  measured 

a  /3  y  y— o        over  a, 

Untersulzbach,  14*0     1-7305     1*7540     l-7677r    0-0372     73°  89' 
Zillerthal,  697   1*720       1*7245     l-7344y   0*0144     87    46 

Huntington,  5*67    1*714       1*716       l'724y     0*010       90    32 

With  a  decrease  in  the  percentage  of  iron,  the  indices  of 
refraction  and  the  strength  of  the  double  refraction  decrease, 
while  the  axial  angle  measured  over  a  increases,  so  that  in  the 
Huntington  epidote  c  becomes  the  acute  bisectrix  and  the  crys- 
tal is  positive  with  /)<m  while  mostepidotes  are  negative  with 

In  this  connection  the  results  of  Ramsayf  are  of  interest, 
who  studied  the  zonal  character  of  epidotes  and  determined 
the  strength  of  the  double  refraction,  /'—a,  in  light  and  dark 
portions  of  crystals  from  different  localities.  He  found  that 
the  light  portions,  containing  presumably  less  iron  than  the 
dark,  nad  the  lowest  double  refraction,  but  gave  no  determina- 
tions as  low  as  the  ones  given  in  this  article  for  Zillerthal  and 
Huntington.     Some  of  his  determinations  are  as  follows  : 

Locality.  Dark.  Light. 

Sulzbach 0*050  0*049 

Zoptau 0*046  0038 

Arendal 0*054  0*050 

Haddam 0*037  0*034 

Brosso 0*023  0*017 

In  conclusion  I  wish  to  express  ray  indebtedness  to  Prof.  S. 
L.  Penfield  for  valuable  aavice  and  assistance  during  the 
progress  of  this  investigation. 

Laboratory  of  Mineralogy  and  Petrography, 
Sheffield  Scientific  School,  June.  1895. 

*  Zeitschrift  fur  Krystallographie  und  Mineralogie,  iii,  p.  562,  1879. 
tJahrb.  f.  Min.,  1893,  i,  p.  HI. 
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A.KT.    VII. — The    lodometric    Determination  of    Selenious 
and  Selenic  Acids  ;  by  F.  A.  GoocH  and  A.  W.  Peirce. 

[CoDtributions  from  the  Kent  Chemical  Laboratory  of  Yale  College— XL YIL] 

It  has  been  shown  in  a  recent  paper  from  this  laboratory* 
that  the  simple  contact  of  solutions  of  selenious  acid,  potas- 
3inm   iodide,   and  hydrochloric  acid  according  to  the  recom- 
mendation of  Muthman  and  Schaeferf  is  not  enough  to  effect 
the  liberation  of  the  theoretical  amount  of  iodine  when  the 
Sissnmption  is  made  that  the  selenium  of  the  selenious  acid  is 
all  reduced  to  the  elementary  condition.     On  the  other  band, 
it  was  found  that  the  yield  of  iodine  is  complete  when  such 
mixtures  are  submitted  to  distillation  under  well-defined  con- 
ditions.    It  is  necessary,  however,  to  estimate   not  only  the 
iodine  which  passes  to  the  distillate,  but  that  which  is  retained 
in  small  proportion  in  the  residue,  and,  though  this  method  of 
proceeding  yields  closely  accurate  analytical  results  and  is  by 
no   means  diflScult,  it  is  obvious  that  a  process  so  contrived 
that  the  reduction  of  the  selenious  acid  should  be  registered 
entirely  in  the  residue  would  possess  the  advantage  in  point  of 
convenience.     We  have  made  the  attempt,  therefore,  to  apply 
in  this  case  a  principle  of  action  laid  down  in  a  method  elaoo- 
rated  in  this  laboratory  for  the  estimation  of  chlorates.:]:    When 
a  solution  of  arsenic  acid  containing  potassium  iodide  and  sul- 
phuric acid  is  boiled    under    defined   conditions§  the  arsenic 
acid    is    reduced  to  arsenious  acid  with  liberation  of   iodine. 
When  the  arsenic  acid  is  in  excess  the  whole  of  the  iodine  is 
evolved  and  the  arsenious  acid  produced  is  its  exact  measure. 
Upon  making  the  solution  alkaline  with  acid  potassium  carbo- 
nate, the  arsenious  acid  may  be  re-oxidized  by  standard  iodine, 
and  the  amount  of  iodine  thus  used  will  be  the  exact  equiva- 
lent of  that  set  free  in  the  reduction-process.     If,  however,  any 
other  substance   more   easily  reducible   than   arsenic   acid   is 
present,  such   substance  should,    naturally,   take   its   part   in 
liberating  iodine  from  the  iodide  and   the  reduction   of   the 
arsenic  acid  should   be  correspondingly  less.     This  was  found 
to  be  the  case  when  a  mixture  containing  a  chlorate,  arsenic 
acid,  potassium  iodide,  and   sulphuric  acid  was  boiled  under 
r^nlated  conditions,  so  that,  with  a  knowledge  of  the  amount 
of  iodide  employed  and  the  determination  of  the  quantity  of 

*  Gooch  and  Reynolds,  this  Journal,  1,  254. 

f  Ber.  d.  Chem.  Gesell.,  xxvi,  1008. 

i  Gooch  and  Smith,  this  Journal,  zlii,  220. 

g  Gooch  and  Browning,  this  Journal,  xxxlz,  188. 
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iodine  necessary  to  reoxidize  the  arsenious  acid  produced,  the 
data  were  at  hand  for  calculating  the  amount  of  chlorate 
present  in  the  mixture.  It  was  our  hope  (which  proved  to  be 
well-founded,  as  the  sequel  shows)  that  selenious  acid  woald 
behave  like  a  chlorate  under  similar  conditions. 

Pure  selenium  dioxide  was  prepared  by  oxidizing  presuma- 
bly pure  selenium  in  strong  nitric  acid,  evaporating  the  solu- 
tion to  dryness,  dissolving  the  residue  in  water,  treating  the 
solution  with  barium  hydroxide  until  precipitation  c^ised, 
filtering,  evaporating  the  filtrate  to  dryness,  subliming  the 
selenium  dioxide  from  the  residue,  and  resubliming  that 
product  in  a  current  of  dry  oxygen  (which  wo  found  to  be 
vastly  more  convenient  and  eflEective  than  dry  air)  until  it  was 
perfectly  white  and  crystalline.  From  the  oxide  thus  made  a 
standard  aqueous  solution  was  prepared,  from  which  portions 
were  measured  and  (for  the  sake  of  greater  accuracy)  weighed 
for  use  in  the  experiments  to  be  detailed.  To  each  weighed 
portion  of  the  selenious  acid,  contained  in  an  Erlenmeyer 
flask  of  300  cm'  capacity,  was  added  a  weighed  amount  of 
potassium  iodide  (somewhat  in  excess  of  that  theoretically 
required)  prepared  in  solution  of  convenient  strength  and 
tested  as  to  its  reducing  power  upon  arsenic  acid  under  the 
conditions  of  the  experiments;  a  solution  containing  aboat 
2  grra.  of  pure  di-hydrogen  potassium  arseniate  was  introduced; 
and,  finally,  20  cm*  of  sulphuric  acid  of  half-strength.  Pro- 
tected from  ordinary  mechanical  loss  by  a  trap  (consisting  of  a 
two-bulbed  drying  tube  cut  short  and  hung  loosely  with  the  wide 
end  downward  in  the  mouth  of  the  flask)  and  from  violent 
ebullition  by  the  introduction  of  a  few  bits  of  porcelain,  the 
liquid  was  boiled  until  the  volume  decreased  according  to  indi- 
cating marks  on  the  flask  from  100  cm'  or  more  to  35  cm' — 
concentration  to  about  this  lower  limit  having  been  found  to 
be  necessary  to  the  completion  of  the  reaction.  The  residue 
was  cooled,  the  acid  was  nearly  neutralized  with  potassium 
hydroxide,  acid  potassium  carbonate  was  added  until  it  was 
present  to  the  amount  of  20  cm'  of  its  saturated  solution  in 
excess  of  the  quantity  needed  to  complete  neutralization,  and, 
after  the  addition  of  starch,  standard  iodine  was  introduced 
until  the  starch-blue  appeared.  The  iodine  introduced  measured 
the  arsenious  acid  (and  so  the  quantity  of  iodine  set  free  by  the 
arsenic  acid),  and  the  difference  between  it  and  the  iodine 
originally  present  in  the  form  of  the  iodide  represents  the 
amount  set  free  by  the  selenious  acid. 

The  following  table  comprises  the  details  and  results  of  a 
series  of  determinations  made  in  the  manner  outlined  : 
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i^iously  the  reduction  of  selenious  acid  by  this  method  is 
ir  and  accurate. 

len  similar  treatment  was  applied  to  selenic  acid  it  became 
ent  that  the  arsenic  acid  attacked  and  destroyed  the 
5  before  the  selenic  acid  had  been  completely  reduced.  It 
In,  therefore,  that  the  selenic  acid  must  be  reduced  to  the 
tion  of  selenious  acid  before  its  estimation  by  the  iodide 
)d  can  be  attempted.  Ordinarily  the  simplest  mode  of 
ing  selenic  acid  is  by  boiling  it  in  solution  with  hydro- 
c  acid  of  definite  strength,*  but  in  this  case  the  presence 
drochloric  acid  is  precluded  on  account  of  the  consequent 
lization  of  arsenious  chloride  during  the  process  of  con- 
ition  in  the  subsequent  treatment  with  the  iodide.  It 
een  8h(»wn,  however,  in  a  recent  paper  from  this  labora- 

that  selenic  acid  is  easily  and  completely  reduced  to 
ous  acid  by  potassium  bromide  and  sulphuric  acid  under 
id  conditions.  Moreover,  arsenious  bromide  is  not  volati- 
appreciably  under  the  conditions.  We  made  the  attempt, 
fore,  to  effect  the  iodometric  determination  of  selenic 
by  first  reducing  it  to  selenious  acid  by  the  bromide 
86  and  then  treating  the  residue  with  arsenic  acid  and 
jium  iodide  in  the  manner  described, 
enic  acid  was  prepared  in  standard  solution  by  treating  a 
n  weight  of  pure  resublimed  selenium  dioxide  by  a  strong 
on  of  potassium  permanganate,  in  presence  of  a  moderate 
nt  of  sulphuric  acid,  until  the  purple  color  was  distinctly 
e,  dissolving  the  precipitated  oxide  of  manganese  by  oxalic 
again  adding  permanganate  until  the  final  color  of  faintly 
e  pink  was  permanent  for  a  half-hour  or  more,  and  dilut- 
0  a  fixed  volume.     Portions  of  the  solution  of  selenic  acid 

measured  into  counterpoised  Erlenmeyer  flasks  of  300  cm* 

*  Gooch  and  Evans,  this  Journal,  1.  400. 
f  Grooch  and  Scoville,  this  Journal,  L  402. 
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capacity  and  weighed,  1  grm.  of  potassinm  bromide  was  added, 
and  suipharic  acid  in  such  qnantity  that  the  total  amoant  of 
the  free  acid  should  correspond  to  20  cm*  of  the  acid  of  half- 
strength.  The  solution  possessing  a  volnme  of  60  era'  to 
100  cm'  was  boiled  until  the  clear,  colorless  solution  left  when 
the  bromine  vanished  began  to  color  again.  Experieuoe 
showed  that  the  reappearance  of  the  brownish  color  is  veir 
easily  seen  and  that  it  is  not  safe  to  conclude  that  all  free 
bromine  has  been  eliminated,  under  the  conditions  of  dilution 
and  proportion,  until  this  stage  of  concentration — which  corre- 
sponds to  a  volume  of  about  35cm' — has  been  reached;  bnt 
the  distillation  should  not  be  pushed  beyond  the  point  at  which 
the  returning  color  is  noted.  When  this  condition  was  reached 
the  solution  was  cooled,  and  treated  exactly  in  the  manner 
described  for  the  reduction  of  selenious  acid.  The  neutralizt- 
tion  by  acid  potassium  carlx)nate,  after  the  final  boiling,  geDe^ 
ally  occasioned  the  precipitation  of  manganous  carbonate,  bnt 
the  precipitate  did  not  interfere  in  the  slightest  with  the 
titration  which  followed. 

The  following  table  comprises  the  detefminations  which 
were  made  to  test  the  accurac}^  of  the  iodometric  determini- 
tion  of  selenic  acid  by  the  combined  processes  of  reduction. 
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as  H,Se04. 

grm. 

0-0378 
0-0378 
0-0516 
0-0503 
0*0541 
0-1007 
0-1008 
0-1007 
0-1007 
0-1007 
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0-2014 
0-2010 
0-2059 
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gnn. 

0-6306 
0-5043 
0-7136 
0-7302 
0-6071 
1-3277 
1-3277 
1-2082 
1-1684 
1-0522 
1-2679 
1-1119 
1-8720 
1-9915 
2-0745 
1-8687 


SeOa 

fouud. 

grm. 

0-0380 
0-0374 
00517 
0-0508 
0-0544 
0-1011 
0-1011 
01005 
0-1016 
00999 
0-1005 
0-1032 
01879 
0  2020 
0-2025 
0  2064 


Error 
gnn. 

0-0002-f- 
0-0()04-- 
0  0001  + 
0-0005  + 
0-0003  + 
0-0004  + 
0-0003  + 
0-0002  — 
0-0009  + 
0-0008— 
0-0004  — 
0-0001  + 
0  0009  + 
00006  + 
0-0009  + 
00005  + 


It  is  plain,  therefore,  that  selenic  acid  may  be  determined 
iodometrically  with  accuracy  by  first  reducing  it  to  the  condi- 
tion of  selenious  acid  by  treatment  with  potassium  bromide  in 
presence  of  sulphuric  acid,  in  the  manner  described,  and  then 
completing  the  reduction  to  the  elementary  condition  by  the 
treatment  with  potassium  iodide  and  potassium  arseniate. 
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iRT.  VIII. — On  the  Interaction  of  Chromic  and  Araenioue 
Acids;  by  Philip  E.  Browning. 

Contributions  from  the  Kent  Chemical  Laboratorj  of  Yale  College — XLYIII.] 

EESi5LER*  has  shown  that  arsenions  acid  may  be  determined 
f  treating  it,  in  the  presence  of  hydrochloric  acid,  with  an 
ccess  of  a  chromate  solution  of  known  strength,  by  which 
eatment  the  arsenious  acid  is  oxidized  and  the  chromic  acid 
daced.  The  excess  of  the  chromic  acid  is  then  determined 
r  the  addition  of  a  ferrous  salt  of  known  strength  until  a 
'op  taken  from  the  solution  gives  a  blue  color  with  a  ferri- 
^anide.  Chromic  acid  is  then  added  again  until  the  blue 
>lor  disappears.  The  amount  of  the  chromate  originally 
led  less  the  excess  determined  by  the  ferrous  salt  gives  the 
nount  of  the  chromate  used  for  the  oxidation,  from  which 
ay  be  calculated  the  amount  of  arsenious  acid  originally 
"esent.  Despite  the  use  of  a  ferrous  salt  and  the  numerous 
eps  involved  in  the  manipulation,  Kessler  claims  very  satis- 
ctory  results  for  his  method.  The  object  of  this  paper  is  to 
Te  the  results  of  some  experiments  in  which  Kessler's  reac- 
)ii  was  used  for  the  reverse  process,  the  arsenious  acid  being 
ied  in  excess,  according  to  the  reaction  : 

4CrO,  +  3A8,0,  +  (X)As,0,  =  2Cr,0,  +  3As,0,+  (X)A8,0, 

For  the  work,  a  solution  of  potassium  dichromate  was  made, 
le  standard  of  which  was  determined  by  evaporating  definite 
)rtions  measured  from  a  burette  into  previously  weighed  and 
•nnterpoised  crucibles,  heating  just  to  the  melting  point,  and 
eighing  after  cooling.  A  decinormal  solution  of  arsenious 
id  was  made  in  the  usual  manner,  as  was  also  a  decinormal 
dine  solution  which  was  standardized  frequently  in  course  of 
e  work  against  the  arsenious  acid.  The  method  of  manipu- 
tion  was  as  follows  :  Definite  portions  of  the  chromate  solu- 
)n  were  measured  from  a  burette  into  counterpoised  flasks 
id  weighed,  as  a  check  on  the  burette  reading,  about  10  cm" 
dilute  hydrochloric  or  sulphuric  acid  (1-4)  added,  and  a 
refully  measured  amount  of  the  arsenious  acid  solution — 
re  being  taken  to  have  an  excess  of  the  amount  necessary  for 
e  reaction.  After  a  few  moments  the  reduction  seemed  com- 
ete,  the  solution  having  taken  on  the  bluish  ^reen  color 
laracteristic  of  the  chromium  salts.  The  application  of  heat 
as  found  to  be  unnecessary,  the  reaction  going  on  quickly 

•  Pojcg.  Anal.,  xcv,  204,  1856. 
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and  completely,  as  it  seemed,  in  the  cold.     The  solution  was 
then  treated  with  acid  potassium  or  sodinm  carbonate  (abont 
5  grm.)  in  excess.     At  this  point  a  precipitate  formed  unless 
Rochelle  salts  had  been  added,  as  was  sometimes  the  case,  to 
prevent  it.     To  the  alkaline  solution  iodine  was  added  until  a 
jellow  tinge  showed  it  to  be  in  excess,  and  the  solution  was 
allowed  to  stand,  with  frequent  shaking,  about  one-half  hour, 
at  the  end  of  which  time  the  excess  of  the  arsenious  acid  was 
thoroughly  acted  upon.     In  order  to  test  the  permanency  of 
the  iodine  color   in   alkaline  solution,  two  experiments  were 
made,  in  the  first  of  which  5  grm.  of  acid  sodium  carbonate 
were  dissolved  in  about  100  cm'  of  water,  and  in  the  second 
the  amount  of  acid  generally  used  (10  cm')  was  neutralized 
with  the  acid  carbonate  and  an  excess  added,  the  amount  of 
water  present  being  about  the  same  as  in  the  first  experiment 
Starch  and  a  drop  of  iodine  solution  were  then  added.    No 
bleaching   eflEect   was   apparent  during   two   hours.      Several 
experiments,  made  without  allowing  the  solution  to  stand,  with 
the  excess  of  iodine  seemed  to  show  that  the  excess  of  the 
arsenious  acid  had  not  been  completely  oxidized  by  the  iodine. 
As  this  took  place  mainly  in  those  experiments  m  which  the 
precipitate   had  not   been    held    np  by   Rochelle   salts,  I  am 
inclined  to  attribute  it  to  the  holding  of  the  arsenious  acid  bj 
the  precipitate.      After    this  point  in  the    process  had  been 
reached,  the  excess  of  iodine  was  destroyed  by  the  addition  of 
arsenious  acid,  starch  was  added  and  the  blue  color  obtained 
with  iodine.     Knowing  the  amount  of  arsenious  acid  originally 
added  together  with  the  second  amount,  used  to  bleach  the 
excess  of  iodine,  also  the  total  amount  of  iodine  employed  and 
its  value  in  terms  of  arsenious  acid,  we  are  in  position  to  deter- 
mine the  amount  of  arsenious  acid  used  for  the  reduction  ;  and» 
by  referring  to  the  reaction  given  above  we  can  calculate  the^ 
amount   of    chromic   acid    originally   present.      The    use  of 
Rochelle  salts  had  a  disadvantage,  however,  which  should  b^ 
mentioned.     If  the  precipitate  is  held  up,  the  solution  take^ 
on  a  dark  green  color  wnich  makes  the  starch  iodide  reaction, 
diflicult  to  detect.     The  presence  of  the  precipitate,  except  for* 
the  apparent  holding  of  some  arsenious  acid — a  source  of  erro^" 
which  seems  to  be  largely  obviated  by  the  standing  with  th^ 
excess  of  iodine — causes   no  inconvenience,  being  itself   of  ^^ 
very  light  green  color  and  leaving  the  solution  almost  color 
lees.     I  have  tried  filtering  with  no  gain  in  convenience,  sine   ~ 
the  precipitate  is  of  a  gelatinous  character   and    filters   ver 
slowly,  so  that  the  filtration  and  thorough  washing  lengthe 
the  process  very  materially. 
The  results  follow  in  the  table  : 


Chromio  and  Arsenioua  Adds. 


87 


GrOt  taken, 
grm. 

1  01001 

2  0-1005 

3  0-1006 

4  01004 

5  01009 

6  0-1002 

7  0-1011 

8  0-1007 

9  0-0401 

10  0-0402 

11  01001 

12  0-1009 

13  0-1007 

14  01005 

15  0-1004 

16  0-1000 

17  0-1006 


CrOt  found, 
gnn. 

0-1004 
0-1004 
0-1007 
0-1011 
01009 
0-1003 
0-1004 
0-1007 
0-0395 
0-0388 
0-1018 
0-1007 
0-1011 
0-1017 
0-1010 
0-1032 
0-1006 


Error, 
grm. 

0-0003  + 
0-0001  — 
0-0001  + 
0-0007  + 
0-0000 
O-OOOl  -f 
0-0007 
0-0000 
0-0006  — 
0-0014  — 

0-1017-f 
0-0002  — 
0  0004 -f- 
0•0012-f- 
0-0006  -f 
0-0032  + 
0-0001  + 


Remarks. 
The  iodine  acted  20  minutes 

a  u  (( 


cc 


cc 


2  hourR 

(C 


Rochclle  salts  used 


(C 


a 


0*5  grm.  ferric  alum  present 

I  grm.  ferric  alum  present 

Rochelle  salts  used 

1  grm.  ferric  alum  present. 


In  three  of  the  above  experiments  the  process  was  carried 
through  in  the  presence  of  a  ferric  salt  with  fairly  successful 
results.  The  presence  of  tbe  brown  precipitate,  however, 
makes  the  end  reaction  rather  difficult  to  determine.  If,  how- 
ever, the  precipitate  be  allowed  to  settle  after  each  addition  of 
iodine,  the  color  can  be  detected  very  readily  in  the  supernatant 
liquid. 

Among  volumetric  processes  of  great  delicacy  this  process 
naturally  does  not  find  its  place.  It  is,  however,  interesting  to 
know  to  wbat  degree  the  reaction  may  be  depended  upon  for 
analytical  purposes. 
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Abt.  IX.  —  Note  on  the  Analysis  of  Contrast- Colors  by 
viewing^  through  a  reflecting  tvbe^  a  graded  series  of  gray 
discs^  or  rings,  on  colored  surf  aces  /  by  Alfred  M.  Matkb. 

Professor  Kood  in  his  "Modern  Chromatics"  (N.  Y^ 
1879),  p.  185,  et  seq.,  describes  a  series  of  experinaents  he 
made  on  the  change  which  a  color  undergoes  when  darkened. 
He  gives  a  table  of  results  on  seventeen  colors.  These  colore 
were  obtained  as  intense,  saturated  and  brilliant  as  possible  and 
were  painted  on  discs  of  card-board.  Each  of  these  discs  was 
placea  on  the  rotator  in  combination  with  a  disc  of  black,  so 
that  the  color  could  be  gradually  darkened  by  exposing  more 
and  more  of  the  black  disc  on  the  surface  of  the  colored  one. 
He  found  that  the  eflEect  of  mixing  black  with  some  of  these 
colors  was  merely  to  darken  them.  The  eflEect  of  mixing 
black  with  others  of  the  colors  was  not  merely  to  darken  these 
colors  but  also  to  change  their  hues. 

On  page  261  of  "Modern  Chromatics,"  Rood  writes:  "By 
preparing  with  Indian  ink  a  series  of  slips  of  gray  paper, 
ranging  from  pure  white  to  black,  an  interesting  series  of 
observations  can  be  made  on  the  conditions  most  favorable  for 
the  production  of  strong  contrast-colors.  The  strongest  con- 
trast will  be  produced  in  the  case  of  red,  orange  and  yellow, 
when  the  gray  slip  is  a  little  darker  than  the  color  on  which  it 
is  placed,  the  reverse  being  true  of  green,  blue,  violet  and 
purple  ;  in  every  case  the  contrast  is  weaker  if  the  gray  slip  is 
much  lighter  or  much  darker  than  the  ground." 

The  particular  gray  which  gives  the  strongest  contrast-color 
eflfect  on  a  given  colored  ground  can  only  be  determined 
experimentally  by  observing  a  graded  series  of  gray  surfaces 
placed  on  the  colored  ground.  In  this  manner  I  obtained  the 
grays  used  in  "Studies  of  the  Phenomena  of  Simultaneous 
Contrast-color,"  etc.,  this  Journal,  July,  1893.  These  grays, 
however,  were  not  selected  by  the  unaided  eye  but  by  viewing 
the  gray  surfaces  through  my  reflecting  tube,  which  doubles 
the  saturation  and  brilliancy  of  the  contrast-color.*  This 
increase  in  the  saturation  and  brilliancy  of  the  contrast-color 
renders  the  selection  of  the  proper  gray  easy  and  definite. 

The  fact  that  the  mixing  of  black  optically  with  a  color 
either  merely  darkens  it,  or  changes  its  hue  at  the  same  time 
it  darkens  it,  taken  in  connection  with  the  fact  that  different 
depths  of  gray  are  required  to  give  the  maximum  contnst- 
color  effect  on  different  colored  surfaces,  seems  to  me  to  offer, 

•This  Journal,  July,  1893,  p.  7  et  seq. 
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certain  cases,  a  means  of  analyzing  a  composite  contrast- 
)r.  Suppose  that  a  small  gray  disc,  or  ring,  when  placed 
a  colored  ground  gives  a  contrast-color  whicli.is  composite, 
s  purple,  and  that  the  same  depth  of  gray  gives  the  maxi- 
m  contrast-color  effect  for  each  component  color  of  the 
pie ;  then,  as  we  view  in  succession  the  gray  discs  of  a 
led  series,  the  contrast-color  of  these  discs  should  merely 
3me  darker  and  darker,  as  each  component  of  the  contrast- 
»r  is  similarly  affected  as  we  view  darker  and  darker  grays. 
8,  to  my  vision,  is  the  case  when  the  graded  gray  discs  are 
ved  on  a  pure  green  ground.  But  if  the  maximum  con- 
t-color  effect  for  one  of  the  component  colors  is  given  by  a 
J  differing  much  in  depth  from  the  gray  giving  the  maxi- 
n  contrast-color  effect  for  the  other  component,  then  the 
trast-coior  should  change  both  in  its  darkness  and  in  its  hue 
xre  view  in  succession  the  darker  and  darker  grays  on  the 
►red  ground.  This  is  what  takes  place  in  the  case  of  view- 
the  graded  series  of  gray  discs  on  a  violet  ground ;  where 
greenish-yellow  given  by  the  lighter  shades  of  gray, 
>me  yellowish-green  on  viewing  discs  of  deeper  gray  ;  the 
ow  component  diminishing  and  the  green  component 
easing  till  we  reach  a  gray  containing  80  per  cent  of  black, 
'he  experiments  on  which  the  foregoing  statements  are 
aded  were  made  as  follows :  A  series  of  grays  were  selected 
nng  in  depth  from  No.  1,  containing  25  per  cent  of  black 
fo.  16,  containing  95  per  cent  of  black.  From  'these  gray 
ers  were  cut  discs  of  1^"  in  diameter  which  were  pasted  in 
3r,  from  1  to  15,  on  seven  different  colored  surfaces.  These 
s  were  viewed,  in  succession,  through  a  reflecting  glass  tube, 
ing  an  interior  diameter  of  1*9*""  and  a  length  of  15*6'^™. 
3  tube  is  coated  on  its  outside  surface  with  black  Japan- 
lish,  which  coating  does  away  with  the  reflection  from  the 
iide  surface  of  the  tube  and  leaves  alone  the  brilliant  reflec- 
from  the  interior  surface.  If  a  gray  disc  is  placed  on  a 
red  ground  and  viewed  through  this  tube  it  appears  sur- 
ided  by  two  contrast-color  rings  produced  by  the  reflection 
he  gray  disc  from  the  interior  surface  of  the  tube.  These 
:s  appear  to  have  about  double  the  saturation  and  brilliancy 
lolor  of  the  gray  disc  as  seen  without  the  aid  of  the  reflect- 
tube. 

iewing  the  fifteen  gray  discs  on  a  green  ground*  the  con- 
t  color  given  to  the  discs  is  purple,  or  a  mixture  of  red 
violet-blue.     As  you   view,  in  order  of  their  number,  the 

he  colored  grounds  used  in  these  experiments  were  the  colored  papers  of 
a  Bradlej  Co.,  Springfield,  Mass. 
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gray  discs,  there  is,  to  my  vision,  no  decided  change  in  hue, 
but  only  a  deeper  shading  of  the  purple  as  you  view  deeper 
and  deeper  grays.  Now  the  maximum  red  of  the  purple  con- 
trast-color is  given  by  ffray  No.  8  on  a  cyan-blue  ground,  while 
the  maximum  violet-blue  of  the  purple  is  given  by  disc  No.  8 
on  a  yellow  ground,  therefore  tne  nue  of  each  compK)nent  is 
equally  affected,  as  the  purple  is  mixed  with  more  and  more 
black.  To  test  further  whether  the  darkening  of  the  purple 
causes  a  change  in  its  hue,  I  obtained  on  the  rotator  a  purple 
similar  to  that  seen  by  viewing  disc  No.  5  on  the  green  ground, 
and  changed  its  illumination  by  rotating  the  plane  of  the  discs, 
on  the  rotator,  away  from  the  incident  light.  I  also  darkened 
the  purple  by  adding  black  on  the  rotator.  In  neither  experi- 
ment, to  my  vision,  did  the  purple  change  its  hue ;  it  was  only 
darkened. 

Viewing  in  succession  the  gray  discs  on  a  violet  surface, 
numbers  1,  2,  3  and  4  appear  greenish-yellow.  No.  5  appears 
as  much  green  as  yellow ;  No.  6  appears  yellowish-green.  The 
following  discs  in  order  of  their  number  appear  greener  and 
greener  till  No.  13  appears  of  a  dark  green  almost  devoid  of 
yellow.  Here  you  have  an  analysis  of  the  contrast-color  by 
viewing  through  the  reflecting  tube  the  gray  discs  on  a  violet 
ground,  for  the  maximum  contrast-color  of  the  yellow  com- 
ponent of  the  greenish-yellow  is  given  by  disc  No.  4  on  a  blue 
ground,  while  the  maximum  contrast-color  of  the  green  com- 
ponent is  given  by  disc  No.  11  on  a  purple  ground. 

In  this  matter  of  color  perception  the  personality  of  the 
observer  enters  as  a  very  important  factor ;  especially  when  the 
observer  has  reached  an  age  when  he  knows  that  his  color 
sense  must  be  somewhat  deadened  and  he  does  not  know  how 
much  remains  of  the  good  perception  of  color  which  he  once 
possessed.  I  therefore  do  not  hesitate  to  say  that  I  may  be 
somewhat  in  error  in  my  observations  and  in  the  deductioM 
made  from  them.  It  may  be  that  the  whole  matter  of  this 
note  will  turn  out  to  be  nothing  more  than  the  efEect  of  mix- 
ing a  color  with  black,  as  in  Kood's  experiments ;  though  to 
my  vision  this  is  not  so. 
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Art.  X. — A  Very  Simple  and  Accurate  Cathetometer : 
by  F.  L.  o!  Wadsworth.    (With  Plate  I.) 

Of  the  various  standard  physical  instruments  which  are 
usnallj  found  in  a  student's  laboratory,  the  cathetometer  may 
iostly  be  considered  as  one  of  the  most  instructive  and  valuable, 
both  because  of  the  many  principles  involved  in  its  adjustment, 
and  because  of  the  number  of  measurements  which  may  be 
made  with  it.  Unfortunately  good  cathetometers  (and  it  is 
never  good  policy  to  use  poor  instruments  for  the  purposes  of 
instruction),  are  so  expensive,  as  made  at  present,  that  one  or 
at  most  two  are  all  that  one  laboratory  can  aflEord.  For  this 
reason  it  may  perhaps  be  of  interest  to  briefly  describe  a  form 
of  cathetometer  recently  designed  by  the  writer  which  costs 
less  than  one-tenth  as  much  as  the  best  German  or  English  in- 
struments, but  which  has  shown  itself  in  use  to  be  quite  as 
accurate  and  in  some  respects  even  more  convenient  of  manip- 
ulation than  the  latter. 

In  the  new  arrangement,  the  general  method  of  comparison, 
now  employed  in  nearly  all  of  the  most  accurate  linear  meas- 
urements, is  followed  :  i.  e.,  the  images  of  the  observed  points 
and  of  the  lines  on  a  standard  bar,  placed  parallel  witn  the 
length  to  be  measured,  are  brought  in  succession  into  the  field 
of  an  observing  telescope  or  microscope,  and  their  relative  posi- 
tion determined  by  means  of  a  micrometer  or  some  equivalent 
arrangement.     In  previous  forms  of  cathetometer  this  has  been 

1. 


done  by  rotating  the  observing  telescope  itself  on  a  long 
heavy-vertical  axis ;  in  the  new  form,  all  of  these  heavy  rotat- 
ing parts  are  dispensed  with,  the  observing  telescope  is  fixed  in 
position  and  the  images  of  the  object  and  scale  brought  succes- 
sively into  the  field  by  means  of  a  light  silvered  mirror 
mounted  on  a  vertical  axis  just  in  front  of  the  objective.     A 
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sensitive  level  attached  to  the  upper  end  of  this  axis  enables 
the  latter  to  be  set  accurately  vertical,  this  adjustment  being 
made  as  in  an  ordinary  cathetometer. 

The  complete  arrangement  is  shown  in  elevation  in  fig.  1 
and  in  plan  in  fig.  2.  A,  fig.  1,  is  the  mirror  frame  and  B  is 
the  level,  mounted  at  the  lower  and  upper  end  respectively  of 
the  short  conical  axis  C.     The  boss  D  in  which  this  axis  turns 

2. 


is  attached  by  means  of  a  geometrical  clamp  at  E  to  a  split 
cap  which  slips  over  the  end  of  the  observing  telescope  T  and 
is  clamped  thereon  by  means  of  the  screw  F.  Tnis  much 
really  constitutes  all  of  the  essential  parts  of  the  new  cathetom- 
eter, the  telescope  mounting  itself,  consisting  of  the  two  L- 
shaped  bars  K.,  G  and  the  adjusting  screws  H,  I,  being  merely 
accessory  to  the  convenient  adjustment  of  the  axis  C  to  verti- 
cality.  An  ordinary  open  V-clamp  M  attached  to  the  lower 
bar  G  enables  the  whole  arrangement  to  be  clamped  to  any 
convenient  support ;  such,  for  example,  as  the  upright  of  a 
heavy  retort  stand,  or  an  iron  wall  bracket  or  even  a  stiff  well- 
secured  water  or  gas  pipe  on  the  wall  of  the  laboratory.  If  a 
retort  stand  or  other  support  with  adjusting  screws  in  its  base  is 
used,  the  adjustable  support  G,  K,  etc.,  on  the  telescope  itself 
may  be  dispensed  with  and  the  clamp  M  attached  directly  to 
the  telescope  tube  as  in  Plate  I,  which  shows  the  cathetometer 
in  use. 

In  the  use  of  the  instrument  the  mirror  is  first  adjusted  until 
it  is  parallel  to  the  axis  of  rotation  C  and  perpendicular  to  the 
optical  axis  of  the  telescope  T.  These  two  adjustments  are 
made  simultaneously  in  the  same  manner  as   described   in  a 
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previons  article  in  this  Journal,*  i.  e.  by  bringing  the  reflected 
image  of  the  cross  wires  into  coincidence  with  the  wires  them- 
selves, revolving  the  mirror  through  180°  and  correcting  one- 
lialf  of  the  resulting  vertical  displacement  by  means  of  the 
adjusting  screws  J,  J,  J,  against  the  heads  of  which  the  mirror 
rests,  and  the  other  half  by  means  of  the  screw  e^  which  forms 
part  of  the  geometrical  clamp  E.  The  level  is  then  adjusted 
until  it  is  perpendicular  to  the  axis  of  rotation  by  means  of 
the  screws /',y,  in  the  usual  manner. 

Last  the  telescope  is  set  at  the  height  of  the  object  to  be 
measured  and  clamped  in  position  and  the  axis  C  adjusted  to 
verticality  by  the  screws  I  and  H  (or  the  leveling  screws  in 
the  base  of  this  support),  the  level  b^ing  placed  hrst  parallel 
to  the  telescope  tube  and  then  at  right  angles  to  it.f  The  first 
of  these  adjustments  is  made  once  for  all,  the  second  is  tested 
at  the  beginning  of  each  day's  work,  and  the  third  only  is 
necessary  at  each  setting  of  the  telescope. 

It  is  important  to  notice  that  a  small  error  in  leveling  has 
the  same  eflEect  in  this  new  form  as  in  the  ordinary  form,  i.  e. 
the  error  is  not  doubled  by  reflection  from  the  mirror,  because 
the  telescope  and  the  latter  move  together,  so  far  as  any  move- 
ment in  a  vertical  plane  is  concerned.  Let  us  consider  the 
effect  of  a  small  error  in  leveling,  first  in  the  vertical  plane 
parallel  to  the  axis  of  the  telescope  ;  second,  in  the  vertical  plane 
at  right  angles  to  that  axis.  Let  d  be  the  angle  which  the  line 
of  sight  to  the  object  makes  with  the  first  plane  considered 
and  a  the  angle  which  the  axis  of  rotation  c  makes  with  the 
vertical  in  that  plane.  Then  if  t  denote  the  difference  in  read- 
ing produced  by  this  inclination  from  the  vertical,  and  r  the 
distance  of  the  object  from  the  axis  of  rotation,  we  have  evi- 
dently 

£  =  r  sin  acos^ 

and  for  the  difference  produced  by  an  inclination  rf  in  a  plane 
at  right  angles  to  this 

f'=  r  sin  a  sin  d 

and  for  the  corresponding  errors  in  comparison  of  object  and 

scale 

J  =  f  —  €  =  r  sin  a  (cos  ^— cos  0^)  (1) 

J'=£'  — f/  =  r  sin  a' (sin  ^— sin  6^)  (2) 

•  A  Simple  Method  of  Determining  the  Eocentricity  of  a  Graduated  Circle  with 
only  one  ▼emier,  F,  L.  0.  Wadsworth,  this  Journal,  May,  1894.  vol.  xlvii,  p.  373. 

t  The  mounting  shown  in  figs.  1  and  2  is  especially  convenient  in  performing 
this  last  operation,  as  the  screws  II,  I,  and  the  third  pivot  point  bear  respectively 
in  a  slot,  plane,  and  conical  hole  at  the  three  vertices  of  m  right  angled  triangle, 
ind  the  motion  of  either  screw,  therefore,  affects  the  positi  »n  of  the  axis  C  only 
in  the  Tertical  plane  passing  through  that  screw  and  the  pivot  point. 
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In  the  new  form  of  instrument  the  best  position  for  the  object 
and  the  comparison  scale  is  about  90°  from  the  axis  of  the  tele- 
scope or  in  the  direction,  o,  fi^.  2.  If  we  suppose  the  object 
and  scale  15®  from  one  another,  and  symmetrically  placed  on 
the  two  sides  of  the  90®  position,  we  have  for  0  and  0^  respec- 
tively 90®zh7i°  or  97i°  and  82i®.     Hence, 

J  =  0-26  r  sin  a  ^  •  i  ra  (3) 

and  J'=  0  (4) 

The  general  equations  (1)  and  (2)  show  that  care  in  leveling  is 
only  necessary  in  the  vertical  plane  perpendicular  to  the  hne 
of  sight,  i.  e.  in  the  new  form  the  plane  parallel  to  the  axis  of 
the  telescope ;  in  the  usual  form  the  plane  a^  right  angles  to 
that  axis.  Hence  if  the  greatest  accuracy  is  to  be  attained 
with  the  ordinary  cathetometer  the  usual  telescope  level  should 
be  placed  at  right  angles  to  its  customary  position  (or  perhaps 
better  still,  a  second  level  added  in  that  position),  so  as  to  at 
once  call  attention  to  any  error  of  adjustment  in  that  plane. 
It  is  strange  that  this  rather  important  fact  should  have  been 
overlooked  in  previous  designs. 

The  actual  magnitude  of  the  error  in  measurement,  due  to 
an  error  in  leveling,  is,  however,  always  small,  unless  either  the 
distance  of  the  object  from  the  telescope  is  considerable,  or 
the  difference  between  the  angles  0  and  0,  is  larger  than  60°. 
If  a  =  5'  and  O—  0^  =  15°  as  in  (3),  the  error,  J,  for  objects  dis- 
tant J  M.  from  the  axis  of  rotation,  would  be  about  -003°"  or 
about  the  limit  of  accuracy  of  setting  with  the  best  cathetom- 
eters  under  the  best  conditions. 

With  a  good  level  sensitive  to  5'  per  division  (the  best  cath- 
etometer levels  are  from  two  to  three  times  as  sensitive  as  this), 
there  is  no  difficulty  in  setting  by  reversal  to  within  less  than 
■J-  div.  or  V\  reducing  the  error  under  the  above  conditions  to 

about  ttAis'^"'' 

This  shows  that  we  may  very  considerably  increase  the 
angular  difference  0—0„  without  introducing  any  appreciable 
error.  For  when  this  difference  is  60°  the  value  of  J  is  only 
twice  the  above  values  or  about  -001™™  in  the  last  case,  a  quan- 
tity quite  negligible  in  comparison  with  the  errors  of  setting. 
This  indicates  another  method  of  using  this  new  form  of  instro- 
ment  to  good  advantage,  i.  e.,  the  method  of  superposition  of 
object  and  comparison  scale.  To  accomplish  this  the  mirror 
A  is  half  silvered  and  the  scale  is  viewed  directly  through  the 
unsilvered  half  in  the  direction  o^  (see  tig.  3)  the  object  being 
at  the  same  time  seen  by  reflection  from  the  silvered  half  in 
the  direction  o^\*     In  this  case  we  may  make  the  measure- 

*The  mirror  should  be  half  silvered  liorizontally,  i.  e.  the  line  of  separation  of 
the  silvered  from  the  unsilvered  portion  should  be  parallel  to  the  axis  of  rotation, 
both  because  the  maximum  resolution  is  required  in  a  vertical  direction  and 
because,  as  will  be  seen  later,  this  management  is  the  better  adapted  to  the  use  of 
certain  forms  of  micrometer. 
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ment  either  by  determining  the  distance  between  the  image  of 
the  point  and  the  image  of  the  nearest  mm.  division  on  the 
scale  with  an  ordinary  form  of  micrometer ;  or  better,  by 
bringing  these  two  images  into  coincidence  by  means  of  a 
Rochon  double  image  micrometer,  an  opthalometer  or  a  par- 
allel-plate micrometer.  The  second  method  of  coincidence  has 
the  decided  advantages  both  of  ereater  rapidity,  only  one  set- 
ting and  reading  being  necessary  instead  of  two,  and  of  greater 
accuracy  for  the  same  reason,  since  any  error,  due  to  a  change 
in  position  of  any  part  of  the  apparatus  in  the  interval  between 
two  settings,  is  thus  avoided.  This  last  advantage  fully 
balances  the  disadvantage  of  the  greater  eflEect  of  a  given  error 
of  leveling  on  account  of  the  greater  angular  distance  between 
scale  and  object.  One  additional  cause  of  error  is  introduced, 
i.  e.,  that  due  to  a  want  of  parallelism  between  the  mirror  A 
and  the  axis  of  rotation  C  ;  but  since  this  should  not  exceed 
a  fraction  of  a  second,  if  the  first  adjustment  has  been  properly 
made,  its  effect  is  negligible. 

Of  the  various  instrumental  means  for  obtaining  coincidence 
perhaps  the  simplest  and  most  convenient,  as  well  as  one  of  the 
most  accurate,  is  the  parallel  plate  micrometer  first  invented  by 
Clausen  and  quite  recently  reinvented  and  much  improved  by 
Poynting,*  who  was   the  first   to  adopt  it  for  cathetometric 
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measurements.  Figs.  3  and  4  show  in  plan  and  elevation  a 
form  of  this  micrometer  modified  slightly  from  that  described 
by  Poynting  to  better  adapt  it  to  this  particular  instrument. 
It  consists  simply  of  a  plate  of  plane-parallel  glass,  P,  rotating 
on  an  axis  C^  at  right  angles  to  the  axis  C  and  carried  in  a 
fork  which  is  a  prolongation  of  the  boss  D  shown  in  the  pre- 
ceding figures. 

The  rotation  of  the  plate  on  its  axis  shifts  the  ray  from  <?', 
which  passes  through  it,  and  hence  also  the  image  of  the  scale, 
by  an  amount  J  which  may  easily  be  shown  to  be 

•Phil.  Traoa..  vol.  clzxxii,  1891,  A,  p.  588.  See  also  "On  a  Parallel  Plate 
Doobie  Image  Micrometer/'  Monthly  Not.  of  the  Royal  Astron.  Soc.,  vol.  111,  No. 
8,  1892,  p.  556. 
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f  being  the  angle  of  rotation  measured  from  the  position  in 
which  the  plate  is  normal  to  the  ray.  This  expression  may  be 
written  : 


(I) 


n— 1 


n 


t  tang  (p  ./{(p) 


The  quantity  in  brackets  or  f{<p)  may  be  shown  to  be  very 
nearly  unity  for  all  values  of  <p  between  0  and  30®.  In  order 
to  determine  its  exact  value  we  may  develop  it  into  a  series  as 
Poynting  does,  but  since  this  series  is  only  rapidly  convergent 
for  low  values  of  c>,  it  is  on  the  whole  better  to  compute  it 
directly  from  (1),  wliich  is  in  a  form  well  adapted  to  logarithmic 
computation.  I  have  calculated  the  values  oi  f{ip)  for  values 
of  ip  from  5°  to  30°  and  for  two  values  of  n,  viz :  n  =  I'o  and 
n  =  1*55,  about  the  mean  indices  of  the  glass  most  likely  to  be 
used  for  this  purpose.  These  values  are  given  in  the  following 
tables : 

Table  L 
n  =  l-5     n  —  \/,^—:^^  0-3383. 


^ 

n-1 

-^  tang0 

/(^)= 

l+r5» 

1 

rs—i 

5° 

•02916 

100044  = 

I  +  -00044 

+  •0011 

+  -00066 

10° 

•05878 

rOO102  = 

+ -00162 

I      +-0021 

+  -00049 

15° 

•08932 

1  •00333 

+  •00333 

'      +  0033 

•ooooo 

20° 

•12132 

1-00528 

+  -00528 

\      +  ^0046 

— -00078 

25° 

•16544 

1-00681 

+  •00681 

+  •0057 

—  •00111 

30° 

•19246 

1-00708 

+  •00708 

!      +  00708 

+  -OOGO 

n  =  1^65 


Table  II. 
n— 1 
n 


=  •35484 


^ 


^  o 

o 

10° 
15° 
20° 
25° 
30° 


n— 1 

n 


tang  ^ 


•03104 
•06257 
•09508 
•12915 
•16547 
•20487 


1-00024 
1-00085 
P00162 
r00216 
100188 

roooo2 


1+(J 


1  + •00024 
+  ^00085 
+  •00162 
+  •00216 
+  •00188 
+  -00002 


*  [In  a  similar  table  given  by  Poynting,  tho  sign  of  6  is  erron**ou8ly  written 
negative  (probably  a  typographical  error),  and  there  is  also  a  small  error  in  the 
value  of  d  for  0  — -  10",  which  is  however  unimportant  since  6  itself  is  so  very 
small  for  this  angle.] 
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An  inspection  of  these  two  tables  shows  that  in  the  case  of 
glass  of  the  higher  refractive  index  (n  =  1*55),  the  maximum 
value  of  d  is  only  0*2  per  cent  of  y*(y),  and  since  the  maxi- 
mum shifting  of  the  image  need  never  exceed  1""  (if  compari- 
son is  made  on  a  mm.  scale),  the  corresponding  correction  to 
the  tangent  value  is  only  -j^""  and  may  be  disregarded.  In 
this  case  we  may  read  off  the  value  of  J  directly  on  a  straight 
scale  S8  hj  means  of  a  pointer,  u^  which  consists  of  a  thin 
plate  of  glass  or  mica  on  which  is  ruled  a  fine  radial  line.  The 
distance  ro  from  Oj  to  the  point  of  intersection  of  this  line 
with  the  longitudinal  line  8  8  on  the  scale,  equals  c'o  tang  ^  and 
hence  is  directly  proportional  to  J.  If  we  make  c/o  equal  to 
17f  t  in  mm.,  then  each  mm.  on  the  scale  8  8  corresponds  to  a 
shifting  of  the  image  through  -^'^.  For  an  angle  of  30® 
J^^t.j  hence  for  a  shifting  of  1™"*  corresponding  to  this  angle, 
the  plate  P  must  be  5™°*  tnick,  and  the  distance  c'o  therefore 
about  89™"  as  laid  off  in  fig.  5.     The  scale  8  8  of  fig.  4  is  grad- 

6. 


—  s 


uated  in  2™°^  intervals  so  that  such  intervals  correspond  to 
^mm^  but  it  is  easy  to  set  and  read  the  position  of  the  pointer 
toy^div.  or^"^^ 

In  the  case  of  glass  of  refractive  index  1*5  the  proportionality 
between  the  scale  readings  obtained  in  this  manner  and  the 
Value  of  J  is  not  so  exact,  the  error  amounting  in  case  of  an 
angle  of  30°  to  nearly  f  of  1  per  cent  or  to  nearly  0*01°*™. 
This  is  a  quantity  too  large  to  be  neglected.  Poynting  sug- 
firests  a  very  ingenious  system  of  link  work,  whereby  the  read- 
ings on  the  scale  may  be  made  directly  proportional  to  J  for 
all  values  of  ^ ;  but  this,  as  he  himself  recognizes,  is  hardly 
practicable  on  account  of  mechanical  difficulties.  We  may, 
nowever,  obtain  the  desired  result  very  much  more  simply. 
An  inspection  of  the  values  of  5  in  I'able  I  will  show  that 
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they  are  roughly  proportional  to  tang  (p.  If  we  draw  a  line, 
no  (tig.  5),  inclined  at  a  small  angle  a,  in  each  direction  from  o, 
to  the  longitudinal  line  on  the  scale  S8^  and  read  in  each 
case  to  the  intersection  of  this  line  with  the  radial  line  u 
on  the  pointer ;  we  increase  the  scale  reading  by  an  amount 
BT  =-  0%  tang  a  tang  ^,  and  the  new  scale  reading  is  therefore 

05  y  c'o  tang  cp,\\-\-  tang  a  tang  q)\ 

Hence  we  have  only  to  make  tang  a  tang  ^  =  ^,  in  order  to 
make  oa  the  new  scale  reading  directly  proportional  to  J  as 
before.  To  find  the  inclination  a  of  the  line  w,  o,  to  the  axis 
of  graduation  we  have  only  to  put 

tang  a  tang  q}=:  d 

for  some  particular  value  of  (p.  Suppose  we  do  this  for  (p  —  W. 
Then  we  find 

tang  a  =  or  or  =  42 

Using  this  value  of  a  to  calculate  the  values  of  the  scale  cor- 
rection, rs^  at  other  points  we  find  the  values  given  in  the  5th 
column  of  Table  I.  As  will  be  seen,  they  differ  on  the  aver- 
age from  the  corresponding  values  of  d  by  less  than  -^^  per 
cent ;  or  only  about  0*0008™"'  at  the  maximum  for  (p  =  25^ 
By  this  simple  method,  therefore,  the  necessity  for  making  any 
correction  to  the  scale  reading,  even  in  the  most  accurate  work, 
is  entirely  avoided. 

The  exact  constant  of  the  scale  reading  for  any  particular 
value  of  the  index,  differing  from  those  given  above,  may  be 
either  calculated  from  the  above  formula  or  determined  experi- 
mentally. 

In  order  to  always  make  the  value  of  al""  scale  division 
correspond  to  some  convenient  fractional  part  of  a  mm.  the 
support  for  the  scale  is  made  adjustable  in  height  so  that  the 

value  of  c'o  may  be  always  made  equal  to where  a  is 

the  fractional  value  desired.  One  advantage  which  the  rotat- 
ing plate  has  over  the  ordinary  eyepiece  micrometer,  is  that  its 
constant  remains  the  same  for  all  distances  of  the  scale  from 
the  telescope.* 

The  above  form  of  parallel  plate  micrometer  may  also  be 
advantageously  substituted  for  the  eye-piece  micrometer  in  the 
first  instrument  described.     In  this  case  it  should  be  placed 

*  The  great  practical  advantage  of  this  form  of  micrometer  over  the  ordinary 
form  is  its  much  greater  simplicity  and  cheapness.  For  these  reasons  it  would 
have  heen  adopted  in  all  of  the  above  instruments  had  it  not  happened  that  ve 
already  had  on  hand  a  number  of  micrometer  eye-pieces  which  were  available  for 
this  purpose. 
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I  the  objective  and  the  reflecting  mirror  A  or  else 
3d  on  the  mirror  frame  itself  so  as  to  rotate  with  it.  The 
>sition  enables  the  same  instrument  to  be  used  either  in 
thod  of  comparison  or  in  the  method  of  coincidence,  but 
bjectionable  both  on  account  of  the  increased  weight  of 
>ving  parts  and  because  of  the  liability  of  disturbing  the 
nent  of  the  axis  or  mirror  while  manipulating  the 
leter.  It  is  therefore  better  to  place  the  rotating  plate 
first  position  indicated  and  adapt  it  to  either  method  of 
iesired,  by  making  it  cover  only  one-half  the  field  of  the 
pe,  that  half  of  course  which  is  opposite  the  unsilvered 
the  mirror  when  the  coincidence  method  is  used,  and 
:e  the  silvered  half  when  the  comparison  method  is 
^ed. 

losing  I  wish  to  express  my  thanks  to  Messrs.  Francis 
athan,  the  mechanicians  of  the  laboratory,  for  the  care 
ed  in  the  mechanical  execution  of  these  designs. 

•sity  of  Chicago,  September,  1895. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

he  Determination  of  Argon. — By  the  use  of  an  elaborate 
tuB,  ScHLossiNG  Jr.  bas  carefully  determined  the  amount 
m  in  the  air.  The  arrangement  was  such  that  the  atmo- 
'*  nitrogen "  was  gradually  supplied  to  the  apparatus 
t  circulated  over  heated  magnesium  and  copper  oxide  and 
b  drying  apparatus,  and  the  last  traces  of  nitrogen  were 
removed  by  sparking  with  oxygen.  The  method  was 
by  mixing  the  purest  obtainable  argon  with  chemical  nitro- 
the  same  proportion  in  which  they  exist  in  the  air  and 
ing  the  mixture  to  analysis.  These  tests  gave  excellent 
but  showed  a  slight  loss  of  argon.  The  author  concludes 
)0  volumes  of  atmospheric  nitrogen  and  argon  contain 
olumes  of  argon,  while  air  as  a  whole  contains  0*935  per 
J  volume.  lie  believes  that  these  numbers  are  correct 
y^  of  their  value. —  CompL  Rend,^  cxxi,  626. 
subsequeut  article  the  above-mentioned  author  describes  a 
ation  of  his  experiments.  Repeated  tests  of  the  method 
3ly  showed  a  loss  of  argon  amounting,  on  the  average,  to 
'7  per  cent.  This  loss  is  not  satisfactorily  explained,  but 
(sibility  is  suggested  that  argon  may  have  some  slight 
upon  hot  metallic  magnesium.  The  author  gives  the 
01  a  number  of  analyses,  as  follows : 

)UB.  Sol— Fourth  Sbbies,  Vol.  I,  No.  1.— Jantjabt,  1896. 
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Argon  in  100  volomefi, 
of  atmospheric    of  air  con- 
nitrogen.       tainiDg  7904 
of  nitrogea. 
Air  taken  in  Paris  at  about  10  m.  above 

the  ground,  Sept.  26 1*185  0-9369 

"      26 1-183  0-9349 

**      30 1-185  0-9367 

Oct.     1 1-180  0-9325 

"        4 1-186  0-9363 

Air  taken  in  Normandy  on  a  hill  306  m. 

high 1-182  0-9343 

Air  taken  at  a  height  of  300  m.  on  the 

Eiffel  Tower 1-180  0-9328 

Air  taken  in  an  iron  mine 1-183  0-9534 

The  above  results  are  not  corrected  for  a  supposed  consUnt 
loss  in  analysis  of  about  0*7  per  cent.  Making  this  correcUoo, 
the  average  results  for  normal  air  become  1*192  and  0-941.  The 
variations  in  the  results  are  within  the  limits  of  experimental 
error,  and  it  must  be  concluded  that  argon,  like  oxygen  and 
nitrogen,  in  the  air  is  practically  constant  in  amount. —  CompL 
JRend.y  cxxi,  604.  a.  l.  w. 

2.  A  study  qf  Graphite  occurring  in  Pegmatite.  —  Having 
previously  shown  that  all  other  forms  of  carbon  are  convertea 
into  graphite  at  the  ordinary  pressure  by  a  sufficient  rise  of  tem- 
perature, and  further  that  all  the  graphites  produced  by  crystalli- 
zation from  molten  metals  possess  the  pro[)erty  of  sprouting 
when  heated  after  the  addition  of  a  little  nitric  acid,  while,  on 
the  contrary,  graphites  produced  by  simple  transformation  bj 
heat  or  by  volatilization  in  the  electric  arc  do  not  sprout  when  80 
treated,  Moissak  has  now  examined,  in  this  way,  a  graphite 
occurring  in  a  pegmatite  rock.  This  graphite  was  found  to 
sprout,  and  the  author  believes  that  it  must  nave  been  formed  in 
a  manner  similar  to  that  produced  from  molten  metals,  and  that 
it  existed  before  the  pegmatite  was  formed.  Continuing  this 
research,  the  author  has  examined  a  number  of  other  natural 
graphites  from  various  parts  of  the  world,  and  finds  that  a  part 
of  them  sprout  while  the  others  do  not.  He  concludes  that  the 
first  class  seem  to  have  been  produced  by  the  action  of  molten 
baths,  especially  of  metallic  baths,  while  the  second  class  were 
evidently  formed  by  the  action  of  an  elevated  temperature  upon 
any  variety  of  amorphous  carbon. —  Compt,  Jiend,,  cxxi,  538,  542. 

H.  L.  w. 

3.  The  Volumetric  Determination  of  Cyanogen, — The  method 
of  Liebig  is  carried  out  by  adding  a  standard  solution  of  silver 
nitrate  to  that  of  the  alkaline  cyanide  in  which  cyanogen  is  to  be 
determined,  until  a  permanent  precipitate  of  silver  cyanide 
appears.  One  atom  of  silver  corresponds  to  two  cyanogens. 
Dkniges  has  now  modified  tliis  well-known  method  so  as  to 
greatly  improve  the  delicacy  of  the  end-reaction  and  to  widen 
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the  applicability  of  the  process.  He  finds  that  if  a  small  amount 
of  an  iodide  is  present  in  an  ammoniacal  solution  of  a  cyanide, 
silver  iodide  appears  at  the  end  of  the  reaction,  although  the 
method,  in  its  original  form,  cannot  be  used  in  the  presence  of 
ammonia.  He  shows  that  the  amount  of  silver  solution  used  is 
rigorously  proportional  to  the  cyanogen  present,  even  when  con- 
siderable amounts  of  caustic  alkalies,  varying  amounts  of  ammo- 
nia, etc.,  are  present.  He  repommends  the  iollowing  method  for 
alkaline  cyanides :  Weigh  out  one  gram,  dissolve  in  water, 
making  a  volume  of  one  liter,  take  100  c.c.  of  the  filtered  liquid, 
add  10  c.c.  of  ammonia  solution,  and  about  ten  drops  of  a  20  per 
cent,  solution  of  potassium  iodide,  and  run  in  decinormal  silver 
nitrate  solution  until  a  permanent  precipitate  appears.  When 
sulphides  are  present,  10  c.c.  of  a  10  per  cent,  solution  of  zinc 
sulphate  and  a  few  drops  of  a  basic  lead  acetate  solution  are 
added  to  the  liquid  before  it  is  made  up  to  a  liter.  The  author 
proposes  the  use  of  a  standard  solution  of  potassium  cyanide  for 
the  determination  of  silver  by  titration,  the  end  of  the  reaction 
being  determined  by  the  disappearance,  in  an  ammoniacal  solu- 
tion, of  a  slight  precipitate  of  silver  iodide.  He  considers  this 
method  preferable  to  Volhardt's  thiocyanate  method,  but  the 
greater  instability  of  potassium  cyanide  solutions  is  evidently  not 
m  its  favor. — Ann.  Chim.  Phys.^  Vll,  vi,  381.  h.  l.  w. 

4.  The  Emiasion  of  Light  during  Crystallization, — Instances 
of  this  phenomenon  have  long  been  known,  and  H.  Rose,  who 
stadied  the  subject,  concluded  that  it  was  due  to  a  change  from 
an  amorphous  to  a  crystalline  condition.  He  believed,  for  exam- 
ple, that  vitreous  arsenious  acid  when  dissolved  in  hydrochloric 
acid  gave  light  when  it  crystallized,  while  the  porcelain-like  form 
of  the  substance,  dissolved  in  the  same  way,  failed  to  give  the 
phenomenon.  This  view,  that  the  amorphous  or  crystalline 
nature  of  a  substance  could  in  any  way  afifect  the  nature  of  a 
solution  of  that  substance,  is  not  in  harmony  with  the  modem 
ideas  concerning  solutions.  Bandrowski  has  now  shown,  as 
was  to  be  expected,  that  both  kinds  of  arsenious  acid  produce  the 
same  results  under  like  conditions.  He  finds  the  result,  in  the 
case  of  arnenious  acid,  to  depend  upon  the  presence  of  hydro- 
chloric acid,  as  no  emission  of  light  occurs  when  the  crystalliza- 
tion takes  place  from  water  or  from  alkaline  solutions.  The 
author  made  a  series  of  experiments  by  dissolving  15  g.  of  arse- 
nious oxide  in  150  c.c.  of  hydrochloric  acid,  gradually  varying 
the  strength  of  the  acid.  He  found  that  with  very  weak  and 
very  strong  acid  no  light  was  emitted  upon  cooling  to  crystal- 
lization, and  that  the  maximum  effect  was  produced  when  the 
acid  contained  from  16*5  to  18  per  cent,  of  hydrogen  chloride. 
The  phenomenon  is  described  as  very  brilliant  when  observed  in 
darkness,  sometimes  furnishing  sufficient  light  for  telling  the  time 
by  a  watch.  The  light  appears  in  the  form  of  innumerable 
bright  sparks  which  are  accompanied  by  a  peculiar  sound,  and 
the  whole  phenomenon  is  suggestive  of  an  electric  discharge. 
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Bandrowski  has  also  made  a  study  of  the  emisrion  of  ligbt 
from  mixtures  of  potassium  aud  sodium  sulphates  when  tfaej 
crystallize,  the  circumstance  having  been  originally  observed  bj 
Rose.  Curiously  enough,  neither  of  the  single  sulphates  givts 
the  phenomenon,  and  the  author  concludes  that  the  formatioo  of 
a  double  salt,  2K,S0^ .  Na,SO^  is  the  necessary  condition.  He 
promises  further  results  in  this  interesting  field. — ZeiUcJir.  Fhyt- 
ikaL  Chem.,  xvii,  234.  h.  l.  w. 

6.  The  Preparation  and  Properties  of  Titanium, — Moissav 
has  succeeded  in  preparing  titanium,  in  a  purer  state  than  it  liM 
heretofore  been  known,  by  reducing  the  oxide  with  carbon  in  his 
electric  furnace.  With  a  current  of  100  amperes  and  50  volts,  t 
fused  or  crystallized  oxide  of  an  indigo-blue  color  is  obtained 
With  300  or  350  amperes  and  70  volts  a  perfectly  fused  mass  oft 
bronze-yellow  color,  the  nitride,  Ti,N„  of  Friedel  and  Guerin,  ii 
produced.  At  still  higher  temperatures  the  nitride  is  decomposed, 
so  that  with  a  current  of  1,200  amperes  and  70  volts,  either  the 
carbide,  TiC,  or  titanium  itself  is  obtained,  according  as  to  whether 
carbon  is  in  excess  or  not,  and  these  products  are  entirely  free 
from  nitrogen.  The  titanium  was  obtamed  in  a  fused  oondition, 
but  Moissan  states  that  it  is  the  most  refractory  body  that  he  hai 
as  yet  obtained  in  his  electric  furnace,  being  more  infusible  thts 
vanadium,  and  still  more  so  than  chromium,  tungsten,  molyb- 
denum and  zirconium.  The  purest  titanium  obtained  in  this 
way  contained  about  2  per  cent,  of  carbon,  but  was  practicillj 
free  from  other  impurities.  The  fused  titanium  forms  a  brittle 
mass,  harder  than  quartz,  showing  a  brilliant,  white  fraotoie. 
Its  density  is  4*87.  When  heated,  it  combines  with  chlorine  and 
oxygen  with  incandesence,  and  with  nitrogen  with  some  eleva- 
tion of  temperature.  Nitric  and  hydrochloric  acids  attack  it 
slowly  even  when  hot,  while  aqua  regia  and  sulphuric  acid  die- 
solve  it  much  more  readily.  When  titianium  is  heated  in  the 
electric  furnace  with  boron  and  silicon,  there  are  formed  boridee 
and  silicides,  either  fused  or  crystallized,  which  are  as  hard  is 
diamond. — £ull.  Soc,  Chim.y  III,  xiii,  969.  h.  l.  w. 

6.  Practical  Proofs  of  Chemical  Laws  ;  by  Vaughak  Corhiib, 
12mo,  pp.  92.  London  and  New  York,  1895.  (Longmans,  Green  i 
Co.) — This  small  text-book  gives  a  scries  of  experiments  by  which 
students  may  verify  certain  fundamental  laws  of  chemistry,  inclnd- 
ing  conservation  of  mass,  definite  proportions,  equivalent  propo^ 
tions  and  multiple  proportions.  The  experiments  are  well 
devised  and,  for  the  most  part,  satisfactorily  described  and  ex- 
plained. Results  obtained  by  students,  showing  a  good  degree 
of  accuracy,  are  given  throughout  the  book,  and  the  author  states 
that  these  pupils  were  mostly  between  twelve  and  eighteen  years 
of  age.  Such  young  pupils  would  probably  gain  some  knowledge 
of  quantitative  analytical  processes  by  pursuing  such  a  course, 
but  it  seems  doubtful  if  most  beginners  would  fully  realize  ite 
significance,  especially  since  chemical  equations  and  ibrmulee  are 
excluded  on  the  ground  that  they  are  inadmissible  in  an  exami- 
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nation  of  the  facts  upon  which  the  atomic  and  molecular  theory 
is  based.  Teachers  of  chemistry  will  undoubtedly  find  the  booK 
useful  in  furnishing  suggestive  problems  for  quantitative  work. 

H*       Lit        Vim 

7.  ArUeitung  zur  Molekulargemchtshestimmung^  von  Dr.  G. 
FucHs,  8vo,  pp.  41,  Leipzig,  1895.  (Engelmann.  Price  M  1.20.) — 
This  little  book  deals  with  the  boiling-point  and  freezing-point 
methods  for  determining  molecular  weights,  which  have  been 
elaborated  by  Professor  Beckmann.  Coming  as  it  does  from  the 
peo  of  one  of  Beckmann's  pupils  and  from  his  own  laboratory,  it 
may  be  considered  an  authoritative  worlc  upon  the  subject.  The 
historical  and  theoretical  bearings  of  the  subject  are  clearly  out- 
lined, but  the  book  is  especially  intended  for  use  as  a  laboratory 
manual  for  students  who  are  making  molecular-weight  determina- 
tions by  the  methods  under  consideration.  The  operations  arc 
well  described  and  illustrated  by  figures,  and  the  necessary 
formulsB  and  tables  for  making  calculations  are  given  and  clearly 
explained.  h.  l.  w. 

8.  A  Laboratory  Manual  of  Organic  Chemistry ;  by  Lassar 
CoHN^.  Translated  by  Alexander  Smith,  12mo,  pp.  403. 
(Macmillan  &  Co.,  $2.25.) — ^This  work  is  a  compendium  of  lab- 
oratory methods  used  in  organic  chemistry.  The  first  part, 
dealing  with  the  general  methods,  contains  chapters  on  baths, 
crystallization,  decolorizing  of  liquids,  distillation,  drying  solids 
and  liquids,  extraction,  filtration,  determination  of  melting- 
points,  determination  of  molecular  weights,  sealed  tubes,  and 
sublimation.  The  second  part,  devoted  to  special  methods, 
embraces  chapters  on  condensation,  preparation  of  diazo  bodies, 
preparation  of  esters,  fusion  with  caustic  alkalies,  preparation 
of  halogen  compounds,  preparation  of  nitro  derivatives,  oxi- 
dation, reduction,  preparation  of  salts,  saponification,  prepa- 
ration of  sulphuric  acids,  and  remarks  on  organic  analysis. 
The  methods  are  illustrated  by  numerous  examples  taken 
from  chemical  literature,  and  the  great  number  of  references 
indicates  that  a  vast  amount  of  reading  was  necessary  for  the 
compilation  of  the  book.  The  work  of  the  translator  is  very 
satisfactory.  A  number  of  changes  in  arrangement  and  additions 
have  been  made,  with  the  author's  sanction,  and  another  improve- 
ment over  the  German  edition  is  the  use  of  smaller  type  for 
matters  of  subordinate  interest.  The  work  has  been  very  favor- 
ably received  in  Germany,  where  it  quickly  reached  a  second 
edition.  It  is  undoubtedly  a  very  important  aid  to  the  investi- 
gator in  organic  chemistry,  and  the  present  translation  will 
doubtless  find  extensive  use  among  English-speaking  students. 

H.  L.  w. 

9.  Organic  Chemistry^  The  Fatty  Compounds^  by  R.  Lloyd 
Whiteley,  12mo,  pp.  290.  London,  ]896.  (Longmans,  Green  & 
Co.) — ^The  author  aims  to  give  students  an  intelligible  and  con- 
nected account  of  the  theory  of  the  subject,  and  also  to  provide 
them  with  such  information  as  shall  enable  them  to  gain  a  prac- 
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tical  acquaintance  with  it.  The  second  purpose  has  evidently 
been  more  successfully  carried  out  than  the  first.  To  a  beginner 
in  the  laboratory  the  book  would  be  of  much  practical  aid,  as  the 
details  for  the  preparation  of  compounds  are  clearly  and  copioofilj 
given,  but  as  a  euide  to  the  systematic  study  of  the  paraffine  com- 
pounds and  their  chemical  structure  and  behavior  the  usefulnees 
of  this  volume  seems  doubtful.  ^k^,  t.  h.  h. 

1 0.  Hiatoire  dfe  la  Philosophie  Atomistiquty  par  Leopold  Mabut 
LEAu,  8vo,  pp.  560.  Paris,  1895.  (Imprimerie  Nationale.) — As  the 
title  indicates,  this  work  is  a  history  of  the  various  forms  of  atomic 
philosophy,  and  it  includes  discussions  of  Hindu  and  Gredan 
systems,  as  well  as  the  theories  of  the  Arabs  and  alchemists  and 
finally  modern  atomistic  philosophy  and  the  atomic  theories  of 
science.  The  work  has  been  crowned  by  the  French  Academy  of 
moral  and  political  science  and  is  evidently  a  notable  philosophi- 
cal production.  The  part  devoted  to  scientific  theories  occupies 
but  a  small  portion  of  the  book,  and  while  this  subject  is  well 
presented  from  a  historical  standpoint,  it  offers  little  that  is  no?el 
to  well-informed  chemists  and  physicists.  h.  l.  w. 

11.  Modem  Copper  Smelting ^  by  Edward  Dteb  Pbtbbs,  Jb. 
Seventh  edition,  8vo,  pp.  642.  New  York,  1896.  (The  ScieoUfie 
Publishing  Co.) — The  popularity  of  Dr.  Peters'  work  on  the 
metallurgy  of  copper  is  shown  by  the  fact  that  it  has  gone 
through  seven  editions  since  1887.  The  work  has  been  the  rec- 
ognized authority  upon  the  subject,  both  from  the  theoretical  and 
practical  points  of  view,  since  its  first  appearance.  The  new  edi- 
tion has  been  re-written  and  greatly  enlarged,  bringing  the  sub- 
ject up  to  date  and  describing  the  prevailing  practice  in  all  parts 
of  the  world.  The  number  of  working-drawings  has  been  largelj 
increased,  and  much  new  matter  of  a  very  important  nature  has 
been  added.  In  this  connection  the  chapters  upon  the  Bessmerii- 
ing  of  copper  mattes,  the  electrolytic  refining  of  copper  and  on 
pyritic  smelting  deserve  special  mention  and  commendation.  The 
author  uses  the  term  '^pyritic  smelting,"  not  in  the  sense  of 
smelling  with  sulphides  in  the  old-fashioned  way  to  produce 
matte,  but,  as  he  defines  it,  "  the  fusion  of  sulphide  ores  by  the 
heat  generated  by  their  own  oxidation,  and  without  the  aid  of 
extraneous  heat  such  as  carbonaceous  fuel,  etc.,"  a  blast-furnace 
operation  which  has  lately  become  an  accomplished  fact  in  several 
different  localities.  h.  l.  w. 

12.  Compariaoyi  of  the  light'emiasion  power  of  bodies  at  high 
temperatures, — An  important  research  by  Mr.  Cuas.  E.  St.  John, 
late  holder  of  the  John  Tyndall  scholarship  of  Harvard  Uni- 
versity, has  just  been  published.  This  research  was  conducted 
under  Professor  Warburg  in  Berlin,  and  led  to  an  interesting 
method  of  comparing  the  light-emissive  power  of  different  bodies. 
The  question  has  an  immediate  practical  bearing  in  relation  to 
the  Auer  burner  and  the  Welsbach  burner,  the  light  of  which  is 
produced  by  the  vivid  incandescence  of  the  various  oxides  of  the 
rare  earths  zirkonium,  yttrium,  lanthanum,  etc. — in  the  Bunsen 
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barner.  Mr.  St.  John  shows  that  the  method  of  coating  an  incan- 
descent platinum  wire  with  the  various  oxides,  the  light-emissions 
of  which  are  to  be  examined,  leads  to  inaccurate  results  at  high 
temperatures.  He  was  led  to  examine  also  the  mooted  question 
whether  the  light  of  the  above  burners^  is  rich  in  phosphorescent 
and  fluorescent  rays.  Various  methods  which  he  employed,  how- 
ever, showed  that  these  rays  were  very  slight  The  most  import- 
ant part  of  the  research  relates  to  the  use  of  what  may  be  termed 
the  oven  method  of  testing  the  light-emission.  In  this  method 
the  two  bodies  whose  emissive  power  is  to  be  determined  are 
placed  in  an  oven  the  temperature  of  which  was  raised  1100°- 
1200*  C,  a  range  of  temperature  which  was  determined  by  the 
pyrometer  of  Holbom  and  Wien.  Two  pieces  of  platinum  foil 
were  suspended  side  by  side  in  this  oven  and  the  observation  of 
their  incandescence  was  made  through  a  suitably  placed  window, 
by  means  of  a  Olan's  spectrophotometer.  A  Triplex  lamp  served 
as  the  standard  light.  When  one  piece  of  foil  was  coated  with 
the  oxides  it  appeared  brighter  than  the  uncoated  piece.  If  one 
piece  of  foil  was  inclined  to  the  wall  of  the  oven  so  that  the 
reflected  rays  were  sent  through  the  window  the  two  pieces  of 
foil  could  be  made  to  appear  of  the  same  intensity.  The  sum  of 
the  direct  and  reflected  light  is  then  for  both  pieces  of  foil  equal 
The  uncoated  piece  must  reflect  just  as  much  more  light  than  the 
coated  as  it  is  deficient  in  the  amount  of  direct  light  it  can  trans- 
mit. This  is  in  accordance  with  Kirchhofl^s  law  that  in  a  heated 
space  a  bundle  of  rays  made  up  of  direct  and  reflected  rays  from 
a  surface  shows  the  same  peculiarities  that  a  bundle  of  rays  from 
a  dark  hot  body  would  show.  Mr.  St.  John  utilized  this  idea  by 
bringing  a  porcelain  cylinder  into  the  neighborhood  of  the  pieces 
of  foil.  The  bare  platinum  could  then  be  quickly  distinguished 
from  the  surrounding  hot  walls  and  appeared  darker  than  the 
coated  platinum.  As  soon  as  the  rod  took  the  temperature  of  the 
oven  the  field  of  view  appeared  uniformly  bright. 

The  spectrophotometer  was  adjusted  for  light  of  a  determined 
wave  length,  and  the  image  of  one  of  the  two  bodies  was  thrown 
on  the  slit.  The  porcelain  rod  was  then  placed  in  the  furnace,  the 
light  was  observed  ;  by  means  of  a  piece  of  plane  parallel  glass, 
the  image  of  the  other  body  was  brought  into  the  field.  The 
porcelain  rod  acts  to  cut  off  the  reflected  light.  Mr.  St.  John 
gives  the  following  table : 

A  =  0-516 

Magnesium     Zlrkonium      Erbium      Lanthanum 
Platinum.         oxide.  oxide.  oxide.  oxide. 

Ao(K>rdiDg  to  the  electrical ) 
method  of  glowing  plati- V      I'OO  1*26  ISl  1*70  1*88 

num ) 

^^Ih!^..!!!.!^!..'!^'!(      1-^^  3  81  404  3-35  2-27 

The  inaccuracy  of  the  electrical  method  is  clearly  shown.  The 
results  of  Mr.  St.  John  show  that  the  KirchhofPs  law  leads  to  a 
practical  method  of  measuring  in  an  oven  the  light-emission  of 
bodies  at  high  temperatures. — A^m,  der  Physik  und  Chemie^ 
No.  11,  1895,  pp.  433-460.  j.  t. 
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13.  Method  of  proof  of  the  lavs  of  radicUian  of  an  abeohUdy 
dark  body. — W.  Wien  and  O.  Lummeb,  who  had  apparently  been 
working  independently  upon  the  problem  upon  which  St  John 
was  also  working  (Ann.  der  Physik  and  Chemie,  No.  11,  1895,  p. 
433),  state  the  conditions  which  should  be  fulfilled  in  making 
observations  according  to  KirchhoflTs  law,  and  for  the  measure  ^ 
radiation  according  to  Stefan's  law.  They  suggest  that  two  pieces 
of  thin  platinum  foil  brought  to  incandescence  by  an  electric  CQ^ 
rent  be  placed  near  each  other.  One  is  provided  with  a 
slit  through  which  the  other  is  viewed.  The  inner  appears  mach 
brighter  than  the  outer.  The  temperature  can  be  determined  by 
the  increase  of  resistance  of  the  platinum.  The  arrangement  can 
be  used  also  as  a  bolometer,  the  radiation  to  be  measured  being 
sent  through  the  slit  and  both  pieces  of  platinum  foil  thas  heate£ 
In  this  way  a  result  is  obtained  which  is  independent  of  the  indi- 
vidual peculiarities  of  the  absorbing  and  emitting  sarfaces,  and 
the  absolute  radiation  can  be  measured  more  correctly  than  by 
previous  methods. — Ann,  der  Physik  und  Chemie^  No.  11,  1896, 
pp.  451-456.  J.  T. 

14.  Plasticity  of  Ice^  by  O.  Mugge. — In  corroboration  of  the 
results  of  McConnell  (Proc.  Roy.  Soc,  xlviii,  p.  269,  1890;  and 
xliz,  p.  323,  1891),  experiments  are  made  upon  the  bending  of 
small  bars  of  ice,  held  horizontally,  supported  at  the  ends,  and 
loaded  at  the  middle.  If  such  a  bar,  or  crystal,  is  so  cut  that  the 
optical  axis  is  perpendicular  to  the  length,  the  load  causes  consid- 
erable bending ;  but  a  rod  having  the  optical  axis  horixontal  shows 
no  appreciable  bending  under  these  conditions.  This  agrees  with 
the  supposition  that  the  crystals  consist  of  thin  laminas,  formed 
of  a  flexible  but  almost  inextensible  substance,  the  interspaces 
being  filled  with  a  separating  medium  which  is  sufficiently  viscoos 
to  retard  the  mutual  gliding  of  the  plates.  Ice,  in  this  respect, 
resembles  KMnCl, .  2aq.,  where  the  deformation  results,  similarly, 
from  a  motion  of  translation  of  the  component  laminss,  retarded 
by  viscous  matter  in  the  interspaces,  The  experiments  seem  to 
show  that  this  motion  of  translation  takes  place  with  equal  facil- 
ity in  all  directions  parallel  to  the  end  surfaces  ;  and,  within  the 
limits  of  —  3°  C.  and  —  16°  C,  the  extent  of  the  motion,  for  a 
given  load,  appears  to  be  independent  of  temperature.  (Nach. 
G.  Wiss.  Gottingen,  pp.  173-174,  1895.) — Phys.  Soc  Abstracts^ 
Nov.,  1895. 

15.  Ueber  den  Magnetismus  der  Planeten  von  Ernst  Leyst. 
118  pp.  4to.  St.  Petersburg,  1894.  (Repertorium  der  Meteorolo- 
gie  herausgegeben  von  der  K.  Akad.  der  Wissenschaften.) — ^The 
author  has  exhaustively  examined  the  photographic  records  of  the 
magnetographs  at  St.  Petersburg,  and  later  at  Pawlowsk  between 
1873  and  1889,  to  see  if  it  is  possible  to  trace  any  systematic  efiect 
produced  on  the  terrestrial  magnetic  elements  by  the  other 
planets  of  the  solar  system.  In  this  paper  the  author  deals  at 
great  length  with  the  declination  records,  and  somewhat  less 
fully  with    those  of  horizontal   force.     Three  methods  are  em- 
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ployed : — (Ist)  The  mean  declination  for  the  daj  at  which  the 
inferior  or  superior  conjunction  in  the  case  of  the  inferior  planets, 
or  conjunction  or  opposite  in  the  case  of  superior  planets,  takes 
place  is  compared  with  the  mean  declination  tor  neighboring  days 
or  for  the  month.  (2d)  By  means  of  the  mean  value  of  the  secu- 
lar change  for  the  period  1873-1885  the  value  of  the  declination 
for  the  time  of  conjunction,  etc.,  is  compared  with  the  actual  value. 
(3d)  The  value  ot  the  diurnal  range  at  conjunction,  etc.,  is  com- 
pared with  the  mean  value.  Although  the  differences  obtained 
are  excessively  small,  amounting  as  they  do  to  only  a  fraction  of 
a  minute  of  arc,  and  large  as  is  the  probable  error,  the  author  con- 
siders that  the  numbers  obtained  point  to  the  planets  being  so 
highly  magnetized  that  they  are  capable  of  affecting  the  magnet- 
ism of  the  earth  to  an  extent  which  is  recognizable  with  the  mag- 
netographs  now  in  use. — Phy%,  Soc.  Abstracts^  Nov.,  1895. 

16.  Molecules  and  the  Molecular  Theory  of  Matter^  by  A.  D. 
RiSTBEN.  223  pp.  Boston  and  London,  1895.  (Ginn  &  Com- 
pany.)— This  popular  and  yet  scientific  presentation  of  the 
accepted  molecular  theory  of  matter  with  reference  to  solids, 
liquids  and  gases,  will  aid  many  to  gain  a  clear  idea  of  a  difficult 
subject  and  one  which  has  not  been  written  out  before  in  con- 
nected form.  The  language  is  for  the  most  part  simple  and  the 
illustrations  numerous  and  helpful.  The  volume  is  based  upon  a 
lecture  delivered  a  year  since  and  the  same  form  of  address  has 
been  maintained  in  the  expanded  work ;  it  may  be  questioned 
whether  this  is  an  advantage. 

17.  /School  Physics:  a  new  text-book  for  high  schools  and 
academies,  by  Elroy  M.  Avbry.  608  pp.  New  York  and  Chi- 
cago. (Sheldon  &  Company.) — This  new  edition  of  Avery's 
Physics  is  commendably  fresh  in  matter,  introducing  many  new 
topics  and  new  applications  of  physical  principles.  At  the  same 
time,  it  retains  the  good  features  of  earlier  editions,  conspicu- 
ously clearness  of  style  and  arrangement,  and  liberality  of  illus- 
trations and  of  exercises  and  problems.  In  the  hands  of  a  good 
teacher,  properly  equipped  as  to  laboratory  apparatus,  it  should 
produce  excellent  results. 

II.    Geology  and  Mineralogy. 

1.  Reconnaissance  of  the  Oold  Fields  of  the  Southern  Appala- 
chians ;  by  George  F.  Becker,  Ann.  Rep.  U.  S.  Geol.  Surv. 
1894-5,  Part  III.  (Abstract  prepared  by  the  author.) — This 
report  is  based  on  field  work  done  in  1894.  Besides  due  refer- 
ence to  the  results  obtained  by  earlier  observers  in  the  same  field, 
it  also  contains  a  digest  of  the  literature  dealing  with  the 
gold  deposits  of  the  maritime  provinces  and  the  Green  mountains, 
the  purpose  being  to  present  in  one  paper  the  most  noteworthy  facts 
concerning  the  occurrence  of  gold  on  the  entire  eastern  side  of  the 
continent.  In  the  northern  portion  of  this  region  gold  has  been 
found  in  important  quantities  in  Nova  Scotia,  and  a  considerable 


58  Scientific  Intelligence. 

amoant  of  the  metal  has  been  obtained  in  the  Chaadi^re  district 
at  the  northern  end  of  the  Green  mountains.  In  the  Sonth  a 
belt  of  gold-bearing  country  passes  through  Virginia  from  the 
neighbomood  of  Washington,  a  second  more  important  belt 
stretches  through  North  Carolina  past  Charlotte  into  South 
Carolina;  an  auriferous  area  occurs  in  the  heart  of  North  Carolint 
at  the  South  mountains,  and  still  another  belt  crosses  northern 
Georgia  extending  into  Alabama.  Field  studies  were  made  only 
of  the  deposits  in  Georgia  and  the  Carolinas. 

The  first  discovery  of  gold  in  the  South  seems  to  have  been  dae 
to  Ponce  de  Leon  in  1513  and  some  curious  notes  on  the  early 
reports  are  set  down.  The  first  discovery  which  drew  the  atten- 
tion of  the  present  population  to  the  gold  resources  was  at  the 
Reed  mine.  North  Carolina,  in  1799  and  no  '^  gold  fever  "  occurred 
until  1830.  The  total  production  of  the  South  up  to  the  end  of 
last  year  is  estimated  by  the  Mint  authorities  at  above  45  million 
dollars.  This  does  not  represent  a  very  large  annual  yield,  bat 
then  it  also  represents  only  a  small  annual  effort  In  the  palmy 
days  of  the  Comstock  about  10  miles  of  galleries  were  driven 
each  year.  It  is  doubtful  whether  all  the  galleries  ran  during  the 
century  in  the  southern  gold  mines  would  aggregate  10  miles. 

The  rocks  of  the  Georgian  belt  are  mainly  gneisses  and  gnds- 
soid  schists,  believed  by  the  geologists  of  the  survey  to  be 
Archaean  from  evidence  occurring  farther  westward.  They  are 
intersected  by  granite  dikes  supposed  to  be  Algonkian.  In  the 
South  mountain  area  the  rocks  are  similar  to  those  in  Georgia.  In 
the  Carolinian  belt  granite  is  not  absent,  but  the  main  mass  of 
the  country  is  composed  of  metamorphosed  sedimentariee  and 
volcanics.  These  last  belong  to  the  series  studied  by  the  late 
George  H.  Williams  and  with  the  sedimentaries  are  supposed  to  be 
Algonkian.  To  the  northward  the  continuation  of  the  volcanics 
is  known  to  be  pre-Cambrian. 

All  the  rocks  associated  with  gold  in  place  have  been  subjected 
to  profound  dynamical  action  excepting  a  portion  of  the  dikes. 
Almost  all  the  country  has  acquired  slaty  cleavage,  which  strikes 
in  a  direction  about  parallel  with  the  general  trend  of  the  Appals- 
chians.  In  some  areas  the  dip  is  westerly  and  in  some  easterly. 
It  is  suggested  that  these  two  groups  of  cleavages  do  not  indicate 
forces  of  different  directions  but  may  be  the  conjugate  cleavages 
due  to  a  force  of  nearlv  constant  direction  as  indicated  in  the 
author's  theory  of  slate.* 

Subsequent  to  the  genesis  of  the  cleavage  a  wide  spread  disloca- 
tion took  place  under  the  action  of  forces  not  coinciding  in  direction 
with  that  to  which  the  cleavage  is  due.  This  fresh  disturbance 
opened  the  fissures  now  occupied  by  quartz,  and  the  direction  of 
faulting,  in  all  instances  observed,  was  normal.  In  a  large  pro- 
portion of  cases  tlie  effect  was  to  split  the  rocks  approximately 
along  their  cleavage.  In  the  South  mountain  area,  however,  the 
strike  of  the  schists  is  abnormal  and  the  astonishingly  regular 
vein-fissures  cut  sharply  across  the  cleavage, 

*Bull.  Geol.  Soc.  Amer.,  iv,  1893,  pp.  13-90. 
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Since  the  deposition  of  ore  there  has  been  no  distarbance  at  all 
comparable  to  those  which  preceded  this  deposition.  The  asso- 
ciated dikes  too  are  little  aistarbed.  The  greater  part  of  the 
gold  is  certainly  Paleozoic  or  older,  for  the  Newark  sandstones 
contain  transported  gold.  There  is  no  known  disturbance  in  the 
Paleozoic  which  would  answer  in  intensity  or  vulcanicity  to  those 
mentioned.  These  facts  and  such  evidence  as  is  available  concern- 
ing the  age  of  the  ancient  eruptives  point  to  the  Algonkian  as 
the  age  of  gold  deposition.  The  slaty  cleavages  are  older  than 
the  quartz  veins  and  they  are  mechanically  equivalent  to  distrib- 
uted erogenic  dislocations.  Thus  they  indicate  that  as  far  back 
as  the  Algonkian  a  range  or  ranges  existed  which  belonged  to 
the  Appalachian  system.  It  will  not  be  surprising  if  the  tendency 
to  mountain-building  along  this  trend,  which  has  manifested 
itself  in  the  Pleistocene,  should  be  detected  even  in  the  Archaean. 

The  report  contains  a  long  list  of  "gangue  minerals"  with 
localities  and  literary  references.  No  less  than  sixty  of  these 
minerals  are  recorded,  including,  however,  the  sulphides  as  well 
as  the  earthy  salts.  The  propriety  of  using  the  term  gangue  to 
include  those  metallic  minerals  which  are  not  ores  of  the  metal 
sought  is  open  to  question,  but  the  term  is  very  convenient  and, 
when  discrimination  is  requisite,  it  is  easy  to  specify  earthy 
ganeue  or  metallic  gangue.  The  conclusion  reached  from  study 
of  tne  ores  is  that  ^'the  gold  ores  of  the  South  are  quartzose 
deposits  with  very  subordinate  admixtures  of  carbonates  in  which 
pyrite  is  always  present,  while  chalcopyrite  is  common,  and 
galena,  mispickel,  and  zincblende  are  by  no  means  rare.  The 
long  list  of  other  minerals  found  in  the  veins  is  unimportant, 
excepting  in  so  far  as  it  assists  in  elucidating  the  genesis  of  the 
ores."  The  gold  ores  of  the  South  are  thus  substantially  like 
those  of  most  auriferous  regions. 

The  quartz  veins  of  the  southern  Appalachians  have  been 
regarded  by  several  previous  observers  as  beds  contemporaneous 
with  the  rocks,  but  W.  B.  Rogers  early  pomted  out  that  the  con- 
formity between  the  veins  and  the  rock  laminsa  is  only  approx- 
imate. This  important  observation  is  fully  borne  out,  and  it 
appears  that  the  structure  with  which  the  quartz  is  often  approx- 
imately conformable  is  not  bedding  at  all,  but  slaty  cleavage. 
Almost  everywhere  the  veins  occasionally  break  across  from  one 
parting  to  some  parallel  one,  and  in  most  cases  angular  fragments 
of  slaty  wall  rock  occur  imbedded  in  the  quartz.  Many  of  the 
deposits  are  not  solid  veins  but  zones  of  small  lenticular  veinlets 
separated  by  thin  sheets  of  slate.  For  these  the  term  stringer- 
lead  is  proposed,  since  they  do  not  answer  to  the  definition  of  a 
vein,  which  is  "the  filling  of  a  fissure."  No  evidence  of  replace- 
ment was  detected  in  these  deposits,  which  seem  to  occupy  only 
openings  due  to  fracture.  In  many  cases.  However,  the  slate  is 
impregnated  with  auriferous  sulphurets  tor  some  inches  from  the 
quartz. 
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In  the  Carolina  belt,  particularly  among  the  ancient  volcanics 
of  that  region,  impregnations  occur  which  correspond  closely  to 
the  Norwegian  Fahlbands.  The  most  profitable  mine  of  the 
South,  (the  Haile  in  South  Carolina)  is  on  such  an  impregnation. 

The  placers  of  the  South  are  of  two  well  marked  types  accom- 
panied by  intermediate  gradations.  Ordinary  auriferous  stream 
gravels  occur,  but  somewhat  more  frequent  are  masses  of  rock  in 
place  which  are  intersected  by  innumerable  gold-bearing  quartx 
seams,  sometimes  no  thicker  than  paper,  and  which  have  subse- 
quently been  decomposed  to  a  great  depth.  The  term  saproliU 
is  proposed  and  employed  as  a  general  name  for  thoroughly 
decomposed,  earthy,  but  untransported  rock.  Such  a  word  is 
much  needed  and  the  only  term  ever  proposed  quite  correspond- 
ing to  it  is  '^  geest,"  which  for  sood  reasons  has  failed  to  find  accept- 
ance. Between  the  saprolitic  placers  and  the  stream  gravels 
there  are  naturally  transitions.  Other  things  being  equal,  the 
water-worn  gold  is  of  greater  value  per  pennyweight  than  the 
gold  of  the  saprolite.  The  refining  effect  of  running  water  was 
known  to  Oviedo  and  even  to  Pliny.  One  nugeet  of  8  pounds  5 
ounces  and  another  of  10  pounds  have  been  discovered  during 
the  present  year  at  the  Crawford  mine,  North  Carolina. 

The  report  contains,  in  addition  to  the  systematic  portion, 
descriptive  notes  of  the  principal  districts,  and  a  bibliography  of 
the  subject,  and  it  concludes  with  a  review  of  the  northern 
deposits,  particularly  those  of  Nova  Scotia.  It  appears  that  these 
two  are  probably  Algonkian  and  in  most  of  the  details  of  occur- 
rence they  resemble  those  of  the  South. 

It  is  probable,  therefore,  that  near  the  end  of  the  Algonkian  a 
set  of  chemical  and  physical  conditions  prevailed  from  Newfound- 
land to  Alabama  favorable  to  the  deposition  of  auriferous  quartz, 
and  similar  to  the  conditions  which  existed  in  the  Sierra  Nevada 
of  California  about  the  beginning  of  the  Cretaceous. 

2.  Geological  Survey  of  New  Jersey, — The  Annual  Report  for 
1894  was  received  in  November,  1895,  and  contains  three  parts,  in 
all  303  pages,  plates  i-xi,  one  ficrnre  and  a  large  colored  geological 
map.  Part  I  is  the  Report  of  Progress  on  the  Surface  Geology 
by  RoLLiN  D.  Salisbury,  and  nearly  completes,  with  what  has 
already  appeared,  the  work  on  the  northern  half  of  the  state. 
The  author  calls  attention  to  the  emphasized  importance  of  the 
influence  of  stagnant  ice  upon  the  stratified  drift  of  the  valleys  of 
the  northern  part  of  the  state.  Additional  particulars  are  given 
regarding  the  Pensauken  and  Jaraesburg  formations.  Accom- 
panying the  report  are  four  map-sheets  bound  in  with  the  text  and 
a  large  colored  geological  map  of  the  surface  formation  of  the 
Valley  of  the  Passaic,  covering  the  area  of  topographic  sheet  6. 
Part  II  is  the  Report  ou  Artesian  Wells  in  Southern  New  Jer- 
sey, by  Lewis  Woolman,  in  which  the  depths  of  the  various  for- 
mations are  noted,  the  underground  stratigraphy  worked  out,  and 
numerous  lists  given  of  the  fossils  met  with  in  the  strata  pene- 
trated. Part  III  is  C.  C.  Vermeuli's  Report  on  Forestry  in  the 
northern  part  of  the  state,  accompanied  with  a  map  showing  the 
distribution  of  forests  in  the  state.  H.  s.  w. 
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3.  Geological  Survey  of  the  State  of  New  York, — The  18th 
anDnal  report  of  the  State  Geologist  for  the  year  1893  appears 
in  two  large  volumes  full  of  interesting  material.  Volume  I, 
Geology,  (pp.  1-697)  contains  four  valuable  papers  on  the  Livonia 
salt  shaft,  based  upon  the  investigations  of  Jambs  Hall,  D.  D. 
LuTH£R  and  J.  M.  Clarke.  A  shaft,  12x22  feet,  was  sunk  in 
Livonia,  Livingston  County,  New  York,  penetrating  from  the 
Hamilton  rocks  outcropping  at  the  surface,  1432  feet  to  the  base 
of  the  salt  group  of  the  Silurian.  Fossils  and  accurate  measure- 
ments were  preserved,  so  that  the  section  serves  to  give  an  accu- 
rate record  of  the  thickness  of  each  member  of  the  series,  and  of 
the  exact  position,  succession  and  recurrence  of  the  faunas  for 
this  portion  of  the  geological  scale.  The  record  of  the  shaft  and 
seqaence  of  rocks  was  made  by  Mr.  Luther,  and  the  study  and 
report  upon  the  fossils  by  Mr.  Clarke,  and  the  whole  furnishes  an 
exceedingly  valuable  record  for  the  study  of  the  succession  and 
modification  of  fossil  faunas  with  passage  of  geological  time. 

The  second  part  of  this  volume  contains  a  number  of  reports 
prepared  during  the  construction  of  the  geological  map  under  the 
supervision  of  the  United  States  geological  survey.  These 
reports  are  as  follows:  On  the  Helderberg  limestones,  on  the 
geology  of  Albany  and  Ulster  Counties  and  on  the  geology  of 
the  Mohawk  Valley,  by  N.  H.  Darton  ;  on  the  economic  geology 
of  Albany  County,  and  on  the  geology  of  Ulster  County,  by  F. 
L.  Nason;  on  the  geology  of  Essex  County,  by  J.  F.  Kemp;  of 
Clinton  County,  by  BL  P.  Cushing  ;  on  the  general  and  economic 
geology  of  parts  of  St.  Lawrence  and  Jefferson  Counties,  by  C. 
F.  Smyth,  «lr.;  on  the  geology  of  Cattaraugus  and  Chautauqua 
Counties,  by  F.  'A.  Randall  ;  and  of  Chenango  County,  by  J.  M. 
Clarke.  Mr.  Clarke  also  contributes  a  list  of  publications  relat- 
ing to  the  geology  and  paleontology  of  the  State  of  New  York 
from  1876-1893. 

Volume  ii,  Paleontology,  in  addition  to  an  extract  from  vol. 
viii,  Part  2  of  the  Paleontology  of  New  York  on  the  Evolution  of 
the  genera  of  the  Paleozoic  Brachiopoda,  contains  a  paper  on 
Platycnemic  Man  in  New  York,  by  W.  H.  Sherzer  ;  also  a  dis- 
cussion of  the  different  genera  of  Fenestellidae,  by  Geo.  B.  Simp- 
son; and,  finally,  Part  H,  An  Introduction  to  the  study  of 
the  Brachiopoda,  intended  as  a  hand-book  for  the  use  of  students, 
by  James  Hall,  assisted  by  John  M.  Clarke.  This  last  work 
completes  a  most  valuable  contribution  to  Paleontology,  and  fur- 
nishes the  American  student  of  stratigraphical  geology  with  the 
means  of  precise  and  thorough  work  which  were  almost  impossible 
without  such  a  work  on  these  indispensable  indicators  of  the 
geological  horizons  of  Paleozoic  rocks.  n.  s.  w. 

4.  MoUusca  and  Crustacea  of  the  Miocene  I^ormation  of  New 
Jersey ;  by  R.  P.  Whitfield,  Monograph  XXVI,  U.  S.  Geol. 
Survey,  1894,  4%  193  pp.,  24  pi. — This  monograph,  originally 
prepared  for  the  New  Jersey  Survey,  was  finished  by  the  author 
and  transmitted  for  publication  by  the  late  Professor  Cook  in 
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1889,  but  was  not  publisbed  until  1894.  The  antbor  has  gathered 
from  various  sources  information  regarding  all  the  then  known 
species  of  the  miocene  formation  of  New  Jersey.  One  hundred 
and  four  species  are  recognized ;  of  these  thirty-five  species  are 
reported  from  New  Jersey  only,  and  no  very  close  representative* 
of  living  species  are  in  the  list.  "  No  living  forms,"  the  author 
observes,  "  have  been  found  in  the  New  Jersey  deposits  that  are 
not  also  known  to  occur  in  some  of  the  more  southern  localities.'^ 
A  single  species  of  Diacina  is  the  only  representative  of  the 
Brachiopods,  a  fact  in  keeping  with  the  almost  complete  absence 
of  Brachiopods  from  the  American  Atlantic  Tertiary.  We  observe, 
upon  looking  over  the  descriptions,  that  several  species  when  com- 
pared with  their  more  southern  representatives,  are  of  noticeably 
smaller  size ;  as  in  the  cases  of  Ostrea  percrassa^  Area  eentenaria^ 
Astarte  distans,  Cardita  granulata^  Carditamera  arata^  Cardittm 
cratictUoideSy  Venus  stamineuy  Fasciolaria  eiUcosa^  IV^ia  biden- 
tata.  This  probably  indicates  that  the  locality  was  on  the  north- 
ern border  of  the  geographical  distribution  of  the  fauna.  It 
would  be  interesting,  geologically,  to  know  what  relation  the 
species  which  still  live  bear  to  living  representatives  in  this 
respect.  h.  s.  w. 

5.  T?ie  Climates  of  the  OeologiccU past  and  their  relation  to  the 
evolution  of  the  Sun ;  by  Eug.  Dubois,  pp.  1-167,  (Swan,  Son- 
nenschein  A  Co.)  London,  1895. — The  author,  whose  remarkable 
report  on  Pithecanthropus  has  been  already  noticed  in  these 
pages,  sets  forth  in  this  essay  the  hypothesis  that  the  climatie 
changes,  indicated  by  the  geographical  distribution  of  fossils  upon 
the  earth's  surface,  are  due  to  changes  in  the  heat  radiated  from 
the  sun.  Following  Janssen,  he  assumes  that  differences  of  the 
stars,  in  color  and  spectra,  indicate  differences  in  their  temperature, 
Thus,  the  stars  which  are  rich  in  violet  rays,  like  Sirius,  are 
assumed  to  be  at  an  extremely  high  temperature ;  yellow  stars, 
like  Capella,  less  hot ;  while  those  of  red  color,  like  Betelgenze, 
are  in  the  third  stage  of  cooling.  The  numbers  of  the  stars  of 
each  color  is  estimated,  and  the  relation  of  the  numbers  is  taken 
as  an  index  of  the  relative  duration  of  each  stage;  on  this 
hypothesis  the  white  stage  is  estimated  to  have  continued  68.5^, 
the  yellow  stage  38.5^  and  the  red  stage  8^  of  the  total  luminous 
existence  of  each  star.  The  sun,  as  one  of  the  stars,  is  assumed 
to  be  in  its  yellow  stage  of  evolution.  The  author's  hypothesis 
is  expressed  in  the  following  passage,  viz  :  "Now,  since  from  the 
sun's  history  we  leani  that,  during  the  greater  part  of  its  exist- 
ance  as  a  white  star,  it  was  much  hotter,  and  on  passing  rela- 
tively rapidly  from  the  white  to  the  yellow  stage,  it  lost  much  of 
its  heat,  we  see,  on  the  other  hand,  that  the  heat  received  by  the 
earth  underwent  the  same  changes,  for  after  a  very  long  period  of 
warmth,  a  relatively  rapid  cooling  set  in,  finally  reaching  the 
present  condition — then  we  may  assume  that  the  period  of  the 
cooling  down  of  the  climates  coincided  with  the  transition  from 
the  white  to  the  yellow  stage,  the  period  of  rapid  cooling  of  the 
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8un.  The  present  thermal  condition  at  the  earth's  snrface  was 
developed  during  the  Tertiary  period  and  was  fully  attained  at 
the  beginning  of  the  Pleistocene  period — a  date,  geologically 
speaking,  so  recent  that  the  time  which  has  since  elapsed  may 
perhaps  be  estimated  as  but  one-fiftieth  of  the  time  which  elapsed 
since  the  beginning  of  the  Palaeozoic  age.  We,  therefore,  may 
further  conclude  that  our  sun  only  comparatively  recently  entered 
its  yellow  sta^e,  and  we  may,  without  committing  a  great  error, 
consider  that  it  has  now  passed  \  of  its  life  as  a  luminous  and 
heating  star  and  that  it  has  still  f  before  it."  In  the  course  of 
the  discussion  the  chief  facts  in  evidence  regarding  variation  in 
climate  during  geological  time  are  brought  together  in  concise  and 
logical  form,  and  are  clearly  stated.  We  think  the  author  is 
incorrect  in  assuming  that  '^  the  supposition  of  a  formerly  greater 
amount  of  carbonic  acid  in  the  atmosphere  can  now  no  longer  be 
seriously  discussed."  h.  s.  w. 

6.  Geological  Biology,  an  introduction  to  the  geological  history 
of  organisms,  by  Henry  S.  Williams,  pp.  395,  figs.  1-150.  New 
York,  1895.  (Holt  &  Co.) — The  problems  of  biology,  regarded 
as  specially  geological  in  this  treatise,  are  those  concerning  the 
history  of  organisms,  their  relations  to  time  and  varying  condi- 
tions of  environment,  and  the  laws  of  the  modification  of  characters 
and  the  acquirement  of  differences.  As  is  stated  in  the  preface, 
'^  it  is  evident  upon  reflection  that  the  biologist  proper,  who  deals 
alone  with  the  organisms  now  living  upon  the  earth,  must  rest 
with  a  theoretical  interpretation  of  the  laws  of  evolution.  To  the 
geologist  the  records  of  evolution  are  open  for  direct  examination, 
and  geological  biology  is  a  scientific  treatment  of  the  observed 
facts  of  evolution."  With  this  idea  in  mind  the  author  has  put 
together  in  systematic  form  discussions  of  some  of  the  chief  prob- 
lems desirable  as  preparation  for  serious  work  in  paleontological 
investigation.  The  general  subjects  elaborated  are  the  geological 
time-scale,  its  divisions,  its  nomenclature  and  the  principles  of  its 
formation,  and  estimates  of  the  length  of  geological  time ;  fossils 
and  their  interpretation;  geographical  distribution;  the  species; 
the  organism ;  principles  of  classification,  etc. 

Id  the  treatment  of  special  topics,  such  as  the  modification, 
acquirement,  plasticity  and  permanency  of  characters,  typical 
series  and  groups  of  organisms  are  selected  for  detailed  examina- 
tion, in  order  to  illustrate  the  exact  meaning  of  the  principles 
involved.  The  book,  as  a  whole,  is  a  much  needed  introduction 
to  the  study  of  the  history  of  organisms  for  the  specialist,  and  is 
an  enunciation  of  general  principles  for  those  looking  for  a  com- 
prehensive statement  of  the  chief  facts  in  the  case.  It  covers  a 
field  heretofore  covered  by  historical  geology,  which  in  the  rapid 
diflferentiation  of  sciences  bids  fair  to  take  a  place  of  its  own  as 
organic,  in  contrast  to  inorganic,  geology. 

7.  Afikroskopische  Physiographic  der  massigen  Gesteine  von  H. 
RosENBUscH.  3d  ed.  enlarged  and  revised,  8vo,  first  half,  pp. 
562.     Stuttgart,  1895. — The  great  impulse  which  the  science  ^of 
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petrology  has  received  in  the  last  ten  years  is  nowhere  more  clearly 
to  be  perceived  than  in  the  increased  size  of  this  new  edition  of 
Prof.  Rosenbusch's  well  known  work  over  that  pablished  in  1887. 
And  this  increase  marks  well  the  incessant  activity  of  the  anthor 
in  the  coordination  of  the  vast  mass  of  material  which  has  been 
pablished  since  that  date. 

It  is  needless  to  say  that  the  appearance  of  this  work  will  be 
greeted  with  the  keenest  interest  by  all  petrographers.  No  one 
has  held  a  more  commanding  position  in  this  branch  of  science 
than  the  author,  and  no  one  has  exerted  a  greater  inflaence  in  iU 
development  through  his  pupils,  especially  in  this  couDtry,  from 
which  they  have  been  largely  drawn. 

It  would,  therefore,  be  a  matter  of  interest  to  present  a  full 
review  of  its  contents,  but  in  the  brief  limits  of  this  notice  of  its 
appearance  it  is  only  possible  to  say  that  the  work  is  kept  strictly 
within  the  limits  set  in  the  former  editions,  that  is,  to  the  micro- 
scopical physiography  of  the  igneous  rocks ;  general  petrology  and 
chemical  and  geological  relations  being  confined  by  brief  mention 
within  the  smallest  possible  limits,  while  the  anthor^s  views  are 
often  hinted  at  rather  than  actually  expressed. 

The  ideas  which  the  author  has  advanced  daring  recent  yean 
upon  the  classification  and  relationships  of  igneous  rocks  in  variom 
brief  publications  are  here  affirmed  and  their  infiuenceis  everywhere 
observable  upon  the  subject-matter  of  the  work.  The  course  laid 
down  in  the  past  is  here  steadily  pursued  to  a  logical  conclusion. 

In  his  preface  the  author  states  that  he  still  retains  the  division 
of  the  extrusive  rocks  into  two  groups  dependent  on  geological 
age,  though  it  is  clear  from  his  remarks  that  he  would  prefer  to 
do  away  with  it. 

The  present  half  of  the  work  comprises  the  plutonic  rocks  ("<w/- 
engeateine'*'*)  and  the  **dike  rocks"  (^^^ ganggesteine'*'*).  Among 
the  latter,  as  must  be  expected,  we  find  a  considerable  number  of 
new  types  and  names  expressed. 

We  note  with  regret  that  the  author  has  felt  obliged  to  confine 
the  work  so  strictly  within  the  limits  mentioned  above.  Analy- 
ses of  the  types  described  would  have  added  greatly  to  the 
convenience  and  value  of  the  work.  We  trust  that  the  author 
may  see  his  way  in  the  future  to  supplement  this  work  by  one  deal- 
ing with  the  many  phases  of  petrology,  either  wanting  or  all  too 
briefly  expressed  in  this  volume.  Its  appearance  would  certainly 
be  received  with  the  greatest  interest  by  all  workers  in  this  branch 
of  science.  L.  v.  p. 

8.  2'he  Rubies  of  Burma  and  Associated  Min^rcde — their 
Mode  of  Occuri'ence^  Origin  and  Metamorphoses,  A  Contribu- 
tion to  the  History  of  Corundum.  By  C.  Barrington  BROwy 
and  J.  W.  JuDD. — An  abstract  of  the  paper  bearing  this  title  is 
given  in  a  recent  number  (No.  345)  of  the  Proceedings  of  the 
Royal  Society.  It  details  the  investigations  carried  on  in  the  field 
under  the  auspices  of  the  government  by  Mr.  Barrington  Brown 
aud  also  the  results  of  a  petrological  and  mineralogical  ezamina- 
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tion  by  Prof.  J.  W.  Judd  of  the  specimens  collected.     The  follow- 
ing pages  are  quoted  from  the  soarce  named  : 

"  The  famoas  ruby  district  of  Upper  Burma  was  almost  unknown 
to  Europeans  before  the  annexation  of  the  country  by  the  British. 
It  is  situated  about  90  miles  N.N.E.  of  Mandalay,  and  about  11 
miles  E.  of  the  military  post  of  Thebayetkin,  on  the  Irrawaddy. 
The  tract,  so  far  as  explored,  is  about  26  miles  long  and  12  broad, 
and  lies  at  elevations  varying  from  4,000  to  5,500  feet  above  the 
sea-level.  The  principal  mining  center  in  this  district  is  Mogok, 
and  the  present  workings  for  rubies  extend  over  an  area  of  45 
square  miles ;  old  workings,  however,  being  found  over  an  area  of 
66  square  miles.  The  principal  mining  operations  are  carried  on 
in  the  three  valleys  of  Mogok,  Kathay,  and  Kyatpyen  ;  but  there 
are  some  smaller  outlying  districts,  in  which  mines  were  formerly 
worked,  in  the  Injouk  Valley,  near  Bernardmyo,  at  Wapudoung, 
11  miles  E.  of  Thebayetkin,  and  at  Launzee,  8  miles  S.W.  of 
Kyatpyen.  There  is  also  a  small  tract  of  ruby-bearing  rocks 
(crystalline  limestone)  at  Sagyin,  24  miles  N.  of  Mandalay ;  and 
it  is  asserted  by  the  natives  that  two  other  limestone  hills,  15 
miles  N.  of  Sagyin,  have  yielded  rubies ;  while  old  ruby  workings 
were  found  in  making  the  railway  at  Eanksay,  30  miles  S.  of 
Mandalay.  It  is  also  probable  that  ruby-bearing  limestones,  and 
the  alluvial  earths  derived  from  them,  may  be  found  in  portions  of 
the  adjoining  Shan  States.  Indeed,  at  a  point  about  25  miles  south- 
ward from  Mogok*  in  the  Shan  State  of  Maingl6n,  Dr.  F.  Noet- 
ling,  of  the  Geological  Survey  of  India,  has  found  that  rubies 
have  been  obtained  from  the  alluvium  of  a  stream  that  flows 
from  the  mountains  that  lie  considerably  to  the  S.E.  of  the  Mogok 
District. 

The  rubellite  (red  tourmaline)  of  the  same  district  was  found 
by  Mr.  Harrington  Brown  not  to  occur  in  association  with  the 
rubies,  but  to  come  from  certain  gneisses  and  schistose  rocks. 
The  locality  which  yields  this  gem,  so  highly  prized  by  the  Chi- 
nese, is  Nyoungouk,  10  miles  S.E.  of  Mogok  ;  the  alluvium  which 
yields  the  rubellite  appears  never  to  contain  rubies  and  spinels. 
Black  tourmaline  (schorl)  has  been  extensivelv  worked,  as  shown 
by  Dr.  F.  Noetling,  in  the  Shan  State  of  Mamgl6n,  not  far  from 
the  rubellite  locality. 

In  the  mountainous  tract  which  includes  the  ruby  districts,  the 
general  trend  of  the  hill  ranges  is  from  east  to  west.  The  bot- 
tom of  the  Mogok  Valley,  in  which  the  principal  workings  are 
situated,  lies  at  a  height  of  4,100  ft.  above  the  sea;  while  the 
loftiest  mountains  of  the  range  to  the  north  and  east  are  the 
Chenedoung  Peak,  7,362  ft.,  and  the  Taungnee  Peak,  7,775  ft. 
above  the  sea-level.  The  alluvia  of  the  valleys  of  Mogok,  Kathay 
and  Kyatpyen  are  formed  by  streams  flowing  southwards  from 
this  mountain  chain;  while  those  of  the  valleys  of  Injouk  and 
Kabein  are  deposited  by  streams  flowing  in  the  opposite  direc- 
tion. The  district,  which  is  a  somewhat  malarious  one,  has  an 
annual  rainfall  of  about  80  inches;  but  in  March,  April,  and 
May,  the  supply  of  water  for  mining  operations  is  deficient. 
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The  moan  tains  are  composed  of  varioas  gneissio  and  granalitic 
rocks,  occasionally  passing  into  schists.  Sabordinate  to  the 
general  mass  of  gneisses,  often  containing  garnets,  are  cerUdo 
peculiar  varieties  of  foliated  and  massive  rocks,  inclading  both 
acid  and  basic  types,  with  limestone  bands,  often  of  a  highly 
crystalline  character.  It  was  in  these  limestones  that  the  rabies 
and  spinels  were  foand  to  be  embedded,  associated  with  graphite, 
phlogopite,  pyrrhotite,  and  many  other  minerals.  The  sides  of 
the  hills  are  found  to  be  shrouded  in  a  deposit  of  hill-wash,  often 
50  ft.  in  thickness,  composed  of  fragments,  derived  from  the 
mountains,  embedded  in  a  clayey  matrix.  On  the  bottoms  of  the 
larger  valleys  there  are  extensive  level  deposits  of  allavial  matter, 
consisting  of  brown,  sandy  clay,  resting  on  coarse  gravels,  which 
in  turn  cover  other  argillaceous  beds.  It  is  in  these  lower  claj 
beds  of  the  river  alluvia,  and  in  similar  deposits  formed  in  gullies 
in  the  hill-wash,  that  the  rubies,  spinels,  and  otber  gems  of  the 
district  are  found. 

Mining  operations  for  the  obtaining  of  rubies  are  carried  od  in 
Burma  in  four  different  ways.  (1.)  In  the  alluvia,  "  twinlones,'' 
square  pits  from  2  to  9  ft.  across,  ingeniously  timbered  with  bam- 
boo, are  sunk  to  the  ruby  earth,  the  drainage  of  the  pits  and  the 
removal  of  material  being  effected  by  baskets  attached  to  balance 
poles,  both  made  of  bamboo.  (2.)  In  the  hill-wash  long  open 
trenches,  called  ''  hmyaudwins,"  are  carried  from  the  sides  of  a 
gully,  and  the  earth  is  washed  out  by  stream^  conveyed  into  the 
trenches  by  bamboo  pipes.  (3.)  In  the  caves  and  fissures  filled 
with  earth  which  abound  in  the  limestone  rocks,  regular  mines— 
**  loodwins  " — are  opened,  and  the  productive  ruby  earth  is  fol- 
lowed for  long  distances  by  means  of  shafts  and  galleries.  (4.) 
The  limestones  which  contain  the  rubies  are  at  one  or  two  points 
quarried,  and  the  gems  are  obtained  by  breaking  up  the  rock 
masses. 

The  extensive  rubellite  mines  at  Nyoungouk  are  worked  in  a 
somewhat  similar  plan  to  the  *'  hmyaudwins."  Water  is  delivered 
by  a  number  of  bamboo  pipes  at  the  head  of  the  almost  verti- 
cally exposed  faces  of  alluvium ;  and  as  the  masses  of  the  latter 
are  loosened,  the  miners  dash  water  upon  them  from  shovel- 
shaped  baskets,  and  are  able  to  detect  and  pick  out  by  hand  the 
brilliantly  colored  stones  exposed  on  the  washed  surfaces. 

The  petrology  of  this  district  of  Upper  Burma,  in  which  the 
rubies,  spinels,  and  rubellite  occur,  presents  features  of  the 
greatest  geological  interest.  In  many  respects  the  petrology  of 
Burma  exhibits  close  analoi^ies  with  that  of  the  corundiferoos 
localities  of  Ceylon,  the  Salem  district,  and  other  portions  of  the 
Indian  peninsula ;  but  some  of  the  phenomena  presented  by  the 
rocks  of  the  Burma  ruby  district  do  not  appear  to  find  a  parallel 
in  any  of  the  gem-yielding  tracts  described  by  de  Bournon  and 
more  recently  by  Lacroix. 

The  general  mass  of  gneissic  rocks  composing  the  mountainous 
district  in  which  the  ruby  localities  are  situated  are  of  interme- 
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diate  chemical  composition,  and  consist  of  biotite-gneisses,  biotite- 
granulites,  and,  more  rarely,  biotite  schists — rocks  in  which 
hornblende  is  rare  or  altogether  absent,  but  which,  on  the  other 
band,  are  often  remarkably  rich  in  garnets.  Neither  corandam 
nor  spinel  have  been  certainly  detected  in  these  rocks. 

Interfoliated  with  these  ordinary  gneissic  rocks,  which  form  the 
great  mass  of  the  mountains,  we  find  rocks  of  much  more  acid 
composition,  including  very  coarse  pegmatites  and  graphic 
granites,  aplites  and  granulites  (leptynite  or  Weiss-stein),  granu- 
lar quartzites,  and  orthoclase-epidote  rocks.  The  orthoclase  of 
these  rocks  frequently  contains  inclusions  of  fibrolite  and  other 
minerals,  it  often  exhibits  the  *'  murchisonite  "  modification  and 
partings,  and  is  not  un frequently  converted  into  "moonstone;" 
still  more  complete  alterations  of  the  orthoclase  into  epidote, 
muscovite,  and  kaolin  being  by  no  means  uncommon.  In  the 
mbellite  district  of  Nyoungouk  these  acid  rocks  contain  pink 
and  blue  tourmaline  (rnbellite  and  indicolite),  often  beautifully 
zoned,  and  it  is  probably  from  rocks  of  this  class  that  the  fine 
gem  rubellites  are  derived. 

Of  still  greater  interest  are  certain  other  subordinate  rocks  of 
basic  and  sometimes  ultra-basic  composition.  These  include  the 
remarkable  pyroxene-gneisses  and  pyroxene-gran ulites,  which 
have  in  recent  years  been  described  as  occurring  in  so  many 
widely-scattered  regions — such  as  Ceylon,  Southern  India,  Cen- 
tral and  Southern  Europe,  Norway  and  Sweden,  Brittany,  Spain, 
Algeria,  Eastern,  Western,  and  Southern  Africa,  the  United 
Statres  and  Canada,  Brazil,  and  New  Caledonia.  In  these  rocks 
the  feldspars  are  for  the  most  part  basic  ones,  near  to  anorthite ; 
the  crystals  almost  always  exhibit  the  phenomenon  described  by 
French  petrograpbers  as  "  quartz  of  corrosion,"  and  the  partial  or 
complete  transformation  of  these  feldspars  into  scapolite  ("  wern- 
eritisation  ")  can  frequently  be  traced.  The  ferro-magnesian  sili- 
cates are  represented  by  many  varieties  of  augite  (sahlite,  diopside, 
and  ffigerine),  of  enstatite  (bronzite  and  hypersthene),  and  more 
rarely  of  hornblende.  Garnets  are  a  frequent  and  abundant  con- 
stituent in  many  of  these  rocks,  which  in  their  accessory  min- 
erals and  their  structures  often  exhibit  many  features  of  striking 
interest.  By  the  gradual  disappearance  of  the  feldspars  from 
these  rocks,  they  pass  into  remarkable  varieties  of  pyroxenites 
and  amphibolites.  The  chief  varieties  of  these  rocks,  which  are 
now  described  from  Burma,  are  the  following  :  Augite-gnciss 
(with  sahlite,  green  diopside,  etc.),  augite-granulites  (very  rich  in 
garnet),  enstatite-gneiss  (with  bronzite  or  hypersthene),  enstatite- 
grannlites  (rich  in  garnet),  scapolite-gneisses,  scapolite-granulites, 

Siyroxenites  and  amphibolites  of  many  varieties,  and  lapis-lazuli 
lazurite-diopside-epidote  rock).      Many   of  these  rocks  contain 
crystals  of  calcite  scattered  through  them. 

It  is  with  these  basic  rocks,  and  more  especially  with  the  ultra- 
basic  types  last  mentioned,  that  the  remarkable  crystalline  lime- 
stones that  contain  the  rubies  and  spinels  are  most  intimately 
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aesociated;  indeed  the  passage  of  rocks  coDsistine  of  variom 
silicates  with  a  few  calcite  crystals  into  masses  pnncipally  oam- 
posed  of  calcite,  hut  with  the  silicate  minerals  and  oxides  dis- 
persed through  them,  is  of  the  most  insensible  kind.  Some  of 
the  mby-beanng  limestones  are  highly  micaceoos  (^cipol linos"), 
others  are  "  calciphyres,^'  in  some  of  which  the  individual  calciu 
crystals  attain  enormous  dimensions.  With  the  rabies  and 
spinels  are  found  a  great  number  of  oxides  and  silicates,  both 
original  and  secondary,  with  much  graphite  and  pyrrhotite. 

In  the  gravels  and  clays  of  the  district  fine  specimens  of  the 
minerals  derived  from  the  atmospheric  degradation  of  the  lime 
stones  and  other  rocks  are  found,  sometimes  broken  and  wate^ 
worn,  at  other  times  almost  uninjured. 

The  study  of  the  extensive  series  of  minerals  brought  from  the 
ruby  mines  of  Burma  is  calculated  to  throw  light  upon  many 
important  scientific  problems. 

The  association  of  minerals  in  the  remarkable  crystalline  lime- 
stones of  Burma  is  worthy  of  the  most  careful  consideration. 
Corundum — in  its  various  forms  of  ruby,  sapphire,  white  sapphire, 
oriental  amethyst,  oriental  topaz,  etc — is  found  associated  with 
red,  purple,  brown,  black  and  other  spinels,  the  relative  propo^ 
tions  of  the  minerals  composed  of  aluminium  oxide  and  of  msg- 
nesium  aluminate  being  very  variabla  The  other  miner& 
present  in  the  crystalline  limestones  are  zircon  (rare) ;  gameU 
(abundant  in  some  places)  ;  a  remarkable  blue  apatite  ;  feldsptn, 
of  many  species  and  varieties  (including  murchisonite,  moonstone, 
sunstone,  etc.),  and  in  every  stage  of  alteration ;  quartz  (in  maoj 
varieties,  and  exhibiting  some  remarkable  peculiarities  of  crystal- 
lization) ;  micas  (phlogopite,  fuchsite,  with  muscovite  and  otto 
secondary  and  so-called  hydromicas);  hornblende  and  arfved- 
sonite ;  augite  (sahlite,  diopside,  and  segyrine) ;  enstatite  (bronsite 
and  hypersthene) ;  wollastonite ;  lapis-lazuli ;  fibrolite;  scapolite; 
with  graphite  and  pyrrhotite.  In  addition  to  muscovite  and  other 
secondary  micas,  we  find  the  following  alteration  products: 
Diaspore,  margarite,  and  other  clintonites,  ohlorites,  vermiculiteS) 
and  carbonates. 

It  is  a  noteworthy  circumstance  that  none  ot  the  silicates  com- 
bined with  fluorine  and  boron  compounds — such  as  topaz,  tourma- 
line, chondrodite  and  bumite,  axinite,  or  datholite  have  be^ 
certainly  detected  in  these  limestones.  Beryl  (aquamarine)  and 
danburite  have  been  said  to  occur  in  the  ruby  earths,  but  there  if 
reason  for  doubting  the  correctness  of  the  statement.  The  lime- 
stone which,  in  the  association  of  minerals  found  in  it,  most 
closely  resembles  the  rock  of  Burma,  is  the  remarkable  white 
limestone  of  Orange  County,  N.  Y.,  and  Sussex  County,  N.  J.; 
but  in  the  American  rock  the  corundum  and  spinels  are  associated 
with  tourmalines  and  chondrodites. 

In  considering  the  question  of  the  origin  of  the  cornndumsand 
spinels  of  Burma,  there  are  several  very  important  facts  to  be 
borne  in  mind.     The  gems,  when  found  in  aitu^  always  appear  to 
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occur  in  the  limestone^  and  this  limestone  is  of  a  very  remarkable 
character.  There  are  no  facts  which  point  to  the  conclusion  that 
the  limestone  was  originally  of  organic  origin,  but  many  circum- 
stances suggest  that  it  may  have  been  formed  by  purely  chem- 
ical processes  going  on  at  great  depths  within  the  earth's  crust. 
The  highly-crystalline  calcareous  rock,  besides  containing  so 
many  silicates  and  oxides,  is  associated  in  the  most  intimate 
manner  with  pyroxene-gneisses  and  granulites  containing  anor- 
thite,  and  with  various  pyroxenites  and  amphibolites.  The  lime 
feldspars  and  lime-soda  feldspars  of  these  rocks  show  the  greatest 
tendency  to  undergo  change — passing  into  scapolites  by  the 
process  known  as  ^'  werneritisation,"  and  eventually  giving  rise 
to  the  separation  of  calcium  carbonate  and  hydrated  aluminium 
silicates.  That  from  the  last- mentioned  salts  the  hydrated  oxides 
of  aluminium  (diaspore,  gibbsite,  bauxite,  etc.)  may  be  separated 
has  been  shown  by  the  studies  of  Liebrich  and  others,  while  the 
conversion  of  these  substances  into  the  anhydrous  aluminium 
oxide  has  been  shown  to  take  place  by  H.  St.  Claire  Deville, 
Stanislas  Meunier,  and  others. 

Crystallized  aluminium  oxide  (corundum)  has  now  been  formed 
by  chemists  by  no  less  than  20  different  processes,  and  in  some 
cases,  like  those  described  by  Senarmont,  Weinschenk,  Bruhns, 
and  Friedel,  the  formation  and  crystallization  of  the  substance 
has  been  effected  at  very  moderate  temperatures  under  pressure. 
By  one  or  other  of  these  or  similar  methods  it  is  probable  that 
the  formation  of  the  Burma  corundum  and  spinel  has  been 
effected,  the  source  of  the  minerals  being  the  decomposition 
products  of  basic  and  easily-altered  lime  feldspars  in  the  pyroxene- 
gneisses. 

Of  still  greater  interest  than  the  question  of  the  origin  of  the 
corundums  and  spinels  are  the  problems  connected  with  the 
remarkable  changes  that  these  minerals  undergo  iu  deep-seated 
rock  masses.  The  rubies  of  Burma,  when  found  in  situ  in  the 
limestones,  are  usually  seen  to  be  enveloped  iu  a  mass  of  materials 
produced  by  the  alteration  of  their  superficial  portions.  Nearest 
to  the  unaltered  gem  is  a  zone  of  diaspore — the  hydrated 
aluminium  oxide— and  this  is  found  to  pass  insensibly  into  various 
hydrous  aluminous  silicates — raargarites  and  other  clintonites, 
vermiculites,  muscovites,  kaoliniies,  etc.  While,  in  some  instances, 
the  corrosion  of  the  rubies  appears  to  have  gone  on  in  a  seem- 
ingly irregular  manner,  in  the  majority  of  cases  a  very  definite 
mode  of  metamorphosis  may  be  detected  by  the  study  of  the 
various  examples.  There  are  evidently  certain  planes  of  "  chemi- 
cal weakness ''  (analogous  to  the  cleavage  planes,  gliding  planes, 
and  other  directions  of  physical  weakness)  along  which  decompo- 
sition goes  on  most  readily.  The  principal  of  these  solution 
planes  is  the  basal  plane,  and  parallel  to  it  we  find  the  gems  eaten 
away  in  a  series  of  step-like  surfaces.  Other  less  pronounced 
planes  of  chemical  weakness  exist  parallel  to  the  prism  faces. 
unaltered  corundum  is,  like  quartz,  destitute  of  true  cleavage, 
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and  breaks  with  a  perfectly  conclioidal  fracture.  If,  however, 
gliding  planes  and  lamellar  twinning  be  developed  in  comndom 
(like  those  so  easily  produced  in  the  same  way  in  calcite),  parallel 
to  the  fundamental  rhombohedron  of  the  crystals,  then  these 
gliding  planes  become  ^'  solution  planes,"  along  which  chemical 
action  takes  place  most  readily.  Along  the  primary  or  secondary 
solution  planes,  hydration  of  the  aluminium  oxide  takes  place, 
and  diaspore  is  formed,  as  shown  by  Lawrence  Smith  and  Genth, 
and  this  unstable  mineral  enters  into  combination  with  silica  and 
other  oxides  present  to  give  rise  to  the  numerous  pseadomorphi 
of  corundum,  which  are  so  well  known  to  mineralo&;i8t8. 

There  are  certain  crystals  of  corundum  and  spinel  from  Burma 
which  present  illustrations  of  corrosion  of  a  very  remarkable  and 
interesting  character.  Commencing  with  the  formation  of  natu- 
rally etched  figures  ("  Verwitterungsfiguren  "),  the  work  of  cor- 
rosion goes  on  till  the  whole  crystal  is  broken  up  into  an  aggre- 
gate of  simple  forms — these  being,  in  the  case  of  the  spine^  the 
octahedron,  and,  in  the  case  of  the  corundum,  a  combination  of 
the  rhombohedron,  basal  plane,  and  prism. 

It  is  interesting  to  note  that  the  quartz,  feldspars,  and  other 
minerals  associated  with  the  rubies  and  spinels  of  Burma,  exhibit 
phenomena  of  external  etching  and  internal  chemical  change 
similar  to  those  we  have  been  describing  in  the  case  of  the  gems. 
The  study  of  the  whole  of  the  phenomena  throws  much  new  light 
on  the  remarkable  changes  which  take  place,  at  great  depth  in 
the  earth's  crust,  in  minerals  which,  at  the  surface,  appear  to  be 
of  a  very  stable  character." — Proc,  Roy,  Soc,  No.  345. 

9.  Brief  notices  ofaome  recefitly  described  Minerals, — Aschib- 
ITB  is  a  hydrous  magnesium  borate  found  in  white  lumps  asso- 
ciated with  boracite  in  the  rock  salt  of  Schmidtmannshall  near 
Aschersleben.  Specific  gravity  1*85-1 -95.  The  mean  of  three 
analyses  gave : 

B,0,  49-2        MgO  42-8       H,0  8-0  =  100. 

Described  by  W.  Feit,  see  Zeitschr,  KrysL^  xxiv,  625,  1894. 

CuPROiODARGYRiTE  is  an  iodidc  of  copper  and  silver,  Cul.  Agl, 
described  by  II.  Schulze  from  Huantajaya  near  Iquique,  Peru, 
where  it  occurs  as  a  decomposition  product  of  stromeyerite.  It 
is  found  as  an  incrustation  or  filling  crevices  in  limestone.  Color 
sulphur-yellow  ;  translucent.     An  analysis  gave  : 

157*75     Agr  25-58     Cu  15'91  =99*24. 

— Zeitschr.  Kryst.,  xxiv,  626,  1895. 

HoEFERiTE  is  a  liydratcd  ferric  silicate  closely  related  to 
chloropal ;  it  is  described  by  F.  Kaizer  from  Kritz  near  Rakonitx, 
Bohemia.  It  is  amorphous,  eitlier  earthy,  granular  or  scaly  and 
of  a  bright  green  color;  hardness  1-3  ;  specific  gravity  2*34.  An 
analysis  gave : 

SiO,  30-14     Fe/33  45-20     Al^O,  1-11       ignition   J8-15  =  100-66. 

This  yields  the  formula  ^Fep^ .  4SiO, .  7H,0.— ilfiw.  petr.  Mittk, 
xiv,  519,  1895. 
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Kamabezitb,  described  by  E.  Basz,  is  a  hyd rated  copper  sul- 
phate from  LaarioD,  Greece.  It  occurs  in  crystalline  masses, 
showing  minute  tabular  crystals.  Hardness  3 ;  specific  gravity 
8 "98  ;  color  grass-green.     An  analysis  gave: 

80,17-52     CuO  51-50     FeO  0-69      H,0  30-29  =  100. 

Formula  calculated  (CuOH),  SO^ .  Cu(OH),+ 6H,0.  —  Jahrh. 
Min./i,  115,  1895. 

LossBNiTB  is  another  mineral  from  Lanrion,  Greece,  for  which 

the    complex     formula  2PbS0,  .  3(FeOH),As,0,  +    12H,0    is 

deduced    by  L.  Milch.  It  occurs   in   acute   pyramidal   crystals 

related  to  scorodite  in  form  and  of  a  brownish  red  color.     An 
analysis  gave : 

AjOft  SO,  PbO         FeaOs     HaO  (comb.)    HaO       SiOa    CaCO, 

33-44  3-74  10*63  3453  3*74  ll'Sl       113     l-46=100-48. 

— Zeitachr.  Kryat.^  xxiv,  100,  1894. 

Lbwisite,  described  by  E.  Hussak  and  G.  T.  Prior,  is  a  mineral 
from  the  cinnabar  mine  of  Tripuhy,  Ouro  Preto,  Brazil.  It 
occurs  in  minute  regular  octahedrons  of  a  honey-yellow  to  colo- 
phony-brown color.  Hardness  5*5;  specific  gravity=4-95.  The 
composition  is  expressed  by  the  formula  5CaO  .  2TiO, .  3Sb,0„ 
which  was  deduced  from  the  analysis: 

SbaOft  TiOa  CaO  FeO  MnO  NaaO 

67-62  11-35  15-93  455  0-38  0-99=100  72. 

—Mineral  Magazine^  xi,  80,  1895. 

Mauzeliite  is  another  titano-antimonate  of  calcium  related 
to  lewisite  and  described  a  little  earlier  by  H.  Sj5greu.  It  is  also 
found  in  isometric  octahedrons  of  a  dark  brown  color.  Hardness 
6-6 -5,  specific  gravity  5*11.  The  mean  of  two  analysis  by  R. 
Uauzelius  gave  : 

Sb,0,    TiOa   PbO    FeO    MnO     CaO     MgO     KaO    NaaO       F        HaO 

59-25     793     6*79     079     1*27     1797     Oil     0*22     270     [363]     0-87  =  101-63. 

It  occurs  with  svabite  and  calcite  at  Jakobsberg,  Sweden. —  Geol, 
Fdr.  Fdrh.,  xvii,  3 J  3,  1895. 

TiLASiTB  is  a  mineral  related  to  adelite  but  containing  fluorine; 
it  is  described  by  H.  Sjogren  from  Ldngban,  Sweden.  It  is 
found  in  granular  masses  of  a  gray  color  and  resinous  luster. 
Specific  gravity  3-28.  The  composition  is  (CaF)  MgAsO^  deduced 
Irom  the  analysis  by  Mauzelius  : 

ls,05    PaOft   FeO     MdO      CaO        MgO      Na,0     HaO      F  01 

iO-91       tr.       014      016       2532       1822       029       028     8-24       002  =  103-58. 

^Geol.  For.  Forh.,  xvii,  291,  1895. 

ZiRK ELITE  is  a  rare  zirconium  mineral  described  by  E.  Hussak 
ind  G.  T.  Prior  from  the  locality  Jacupiranga  in  Brazil,  which 
las  afforded  the  new  species  baddeleyite  (ZrOJ,  also  perovskite, 
»tc.  It  occurs  in  regular  octahedrons  of  a  black  color.  Hardness 
\'h  ;  specific  gravity  4*706.     An  analysis  gave : 


72  Scientific  Intelligence. 

ZrOt,  TiO,  FeO  CaO  MgO  ign. 

79-79  6-64  11-61  0  49  1-02=99*55 

— Mineral  Magazine,  xi,  86,  1895. 

TiFFANTiTB. — This  name  has  been  given  by  G.  F.  Kunz  to  i 
hydrocarbon  assnmed  to  be  present  in  certain  diamonds,  which  on 
this  account,  as  it  is  believed,  exhibit  marked  flaorescence  aod 
phosphorescence.  These  optical  phenomena  are  shown  to  belong 
only  to  a  limited  number  of  diamonds  and  not  to  be  as  generv 
as  has  been  supposed. —  TVans,  N,  Y.  Acad.  Sci.^  xiv,  260,  1895. 

III.    Botany. 

1.  Pleiotaacy  in  the  androeciutn  of  JSpidendrum  cocMeaium^  L 
— Mr.  Theodore  L.  Mead  has  sent  to  the  Harvard  Botanieal 
museum,  from  Oviedo,  Florida,  a  strong  plant  of  this  speciea, 
which  exhibits  an  anomaly  in  the  number  of  anthers.  Most  of 
the  flowers  are  well-developed  and,  at  first  sight,  would  not 
attract  attention  as  being  at  all  different  from  the  type.  But  Mr. 
Mead  had  observed  that  even  the  most  nearly  normal  flowers  on 
this  plant  have  three  anthers.  In  most  of  the  flowers,  the  three  poI- 
linia  are  about  equal  in  size,  but  the  two  lateral  ones  are  a  little 
distorted  by  the  curvature  of  the  column.  The  anther  normally 
present  in  this  group  of  orchids  is  of  ordinary  shape  and  fast, 
and  plainly  belongs  to  the  outer  whorl.  The  two  extra  stamens, 
which  flank  it,  appear,  as  far  as  examination  has  yet  gone,  to 
belong,  as  might  be  expected,  to  the  same  whorl.  Altogether  the 
case  is  interesting,  although  it  is  one  of  a  class  of  monstrositiei 
rather  common  in  the  orchid  family.  It  does  not  appear  that 
anyone  previous  to  Mr.  Mead  has  observed  the  present  deviation 
from  the  normal  number  in  any  plants  of  this  species,  although 
Clos  has  made  a  note  of  the  occurence  of  three  lertile  anthers  in 
an  unnamed  species  of  Epidendrum. 

Among  other  deviations  in  this  genus  may  be  mentioned  the 
following  recorded  by  Penzig,  who  states  that  Magnus  has  seen 
in  this  species  trimerous  peloria  with  labelliform  petals,  and  also 
dimerous  zygomorphic  flowers  having  transverse  sepals.  Epi- 
dendrum articulatum  has  been  observed  with  an  inflorescence 
of  the  year  before.  Other  species  in  this  genus  have  also 
exhibited  striking  peculiarities  in  individual  cases,  bat  perhaps 
the  deviations  have  not  been  more  numerous  than  in  allied 
genera.  G.  l.  g. 

2.  The  Structure  and  Development  of  the  Mostee  and  Fena ; 
by  Douglas  Houghton  Campbell,  pp.  544,  8°,  fig.  266.  (Mio- 
millan  &  Co.) — This  treatise  on  tiie  Archegonial»  has  been  admi- 
rably planned  and  executed  by  Prof.  Campbell.  We  have  had 
many  books  and  monographs  giving  the  details  of  the  structnre 
of  the  different  orders  of  Archcgoniatoe  and  not  a  small  number 
of  papers  devoted  to  a  consideration  of  their  homologies  and 
phyllogeny.  We  have  not  had,  however,  in  recent  years,  a  con- 
nected  account   of    the   subject    by  one  who,    while   master  of 
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details,  was  also  able  to  show  their  general  bearing  withont 
indulging  in  excessive  speculation.  The  contributions  of  Prof. 
Campbell  to  the  study  of  the  development  of  higher  cryptogams 
have  been  numerous  and  important.  In  the  present  work  his 
large  practical  knowledge  of  the  different  orders  and  his  wide 
reading  have  enabled  him  to  give  an  admirable  summary  of  the 
present  state  of  our  knowledge  with  regard  to  the  group  of  plants 
which,  perhaps,  above  all  others,  are  most  important  from  a 
phyllogenetio  point  of  view.  The  book  is  by  no  means  a  mere 
summary,  but  includes  a  large  number  of  original  observations, 
the  more  important  because  they  relate  to  imperfectly  known 
species  of  this  country,  and  the  illustrations  are  refreshingly 
original  and  not  the  time-worn  cuts  which  seemed  destined  to  be 
oopied  in  all  books,  even  those  by  experts. 

The  proportions  of  the  book  are  good,  for  the  author  has  laid 
more  stress  on  typical  structures  than  on  specific  details.  Hence 
we  find  about  twice  as  many  pages  devoted  to  the  Hepatic®,  in 
which  there  are  several  marked  types  of  reproduction,  as  to  the 
MuBci,  in  which  generic  and  specific  differences  are  the  prominent 
features.  Furthermore,  for  purposes  of  phyllogenetio  study,  the 
HepaticsB  are,  in  the  opinion  of  most  modern  writers,  more  sig- 
nificant than  Muscl  We  think  that  Prof.  Campbell  did  well  not 
to  offer  a  long  introduction,  but  has  made  the  subject  clearer  by 
first  giving  a  condensed  account  of  each  order  and  then  expand- 
ing the  account  of  the  suborders.  If  we  congratulate  Prof. 
Campbell  on  what  he  has  given  us,  we  can  also  thank  him  for 
what  he  has  not  given  us.  The  terminology  is  simple  and  clear, 
and  he  has  not  attempted  to  force  upon  us  a  new  series  of  names 
of  different  organs  and  structures  to  express  what  was  sufficiently 
well  expressed  before.  Nor  has  he  indulged  in  hair-splitting 
theoretical  discussions,  the  summary  and  conclusions  being  lim- 
ited to  ten  pages.  The  book  cannot  be  said  to  be  easy  reading  ; 
it  is  so  full  of  facts  that  one  must  read  slowly,  and,  in  a  short 
review,  one  can  hardly  refer  to  details.  We  have  noticed  but 
one  statement  which  seems  to  us  incorrect.  On  p.  40  it  is  said 
that  Hicciocarpus  natans  fruits  only  when  growing  upon  the 
enrih.  In  eastern  New  England  it  fruits  abundantly  when 
floating.  w.  o.  f. 

3.  Phycotheca  Boreali- Americana ;  by  F.  S.  Colons,  Isaac 
HoTJ>BN  and  W.  A.  Sbtchell. —  We  are  glad  to  notice  the 
appearance  in  rapid  succession  of  the  first  three  fascicles  of  this 
valuable  collection  of  North  American  algse.  In  form  they 
resemble  the  fascicles  of  the  Phycotheca  Generalis  of  Hauck  and 
Richter,  each  fascicle  containing  fifty  species  bound  in  folio. 
The  specimens  are  in  excellent  condition  and  well  mounted  and 
the  determinations  of  the  species  have  been  made  with  care  and 
accuracy,  the  labels  being  clear  and  full.  The  algsB  represented 
in  the  series  include  species  from  fresh  water  as  well  as  marine 
and  were  collected  in  part  in  the  West  Indies  and  on  the  Pacific 
coast,  although  the  larger  part  are  from  the  Northeastern  States, 
where  the  three  botanists  under  whose  supervision  the  Phyco- 
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theca  is  prepared,  have  made  special  studies  of  the  fion. 
Among  the  many  interesting  species  of  this  collection  we  may 
mention  the  nameroas  Cyanophyce»,  several  of  which  had  not 
heen  recorded  previously  in  North  America  and  which  have 
formed  the  subject  of  Prof.  Setchell's  paper,  Notes  on  some  Cyan- 
ophyce»  of  New  England,  in  the  October  number  of  the 
Bulletin  of  the  Torrey  Botanical  Club.  The  ChlorophyooB, 
Phaeophyceae  and  Ilhodophycese  are  represented  by  a  Dumber  of 
interesting  species.  Amon^i^  the  West  Indian  forms  are  the  rare 
and  imperfectly  known  Liagora  decussata  Mout.,  collected  in 
Jamaica  by  Miss  Pease,  and  the  curious  Hormothamnion  entero- 
morphoides  Grunow,  collected  in  Jamaica  by  Dr.  Humphrey. 
The  Phycotheca  will  prove  an  indispensable  aid  to  phycologisU, 
valuable  not  only  from  the  excellence  of  the  specimens  but  also 
from  the  careful  determination  of  the  species.  w.  g.  f. 

4.  An  Introduction  to  the  Study  of  Seaweeds :  by  Gkorgb  Mot- 
bay.     Pp.  271,  8®,  fig.  88,  pi.  8.    (Macmillan  &  Co.) — It  is  a  loi^ 
time  since  there  has  appeared  any  general  introduction  to  the 
study  of  marine  algae,  and  the  student  has  been  forced  to  depend 
upon  the  common  botanical  text-books,  in  which  the  marine  algs 
are  generally  treated  very  inadequately  in  a  few  pages.     Recent 
investigations  on  the  structure  and  development  of  seaweeds  have 
been   numerous  and   important,   quite   overturning   our  former 
views  on  their  classification,  but   the  results  scattered   through 
numerous  journals  in  several  languages  have  not  hitherto  been 
brought  together  in  a  way  to  be  easily  accessible.     The  excellent 
book  by  George  Murray,  now  in  charge  of  the  botanical  depart- 
ment of  the  British  Museum,  will  be  of  very  great  service  to  all 
interested  in  marine  algae.    In  the  Introduction,  the  most  readable 
chapter  of  the  book,  the  writer  gives  an  admirable  account  of  the 
general  habits  and  distribution  of  marine  vegetation,  a  subject 
on  which  he  is  specially  competent  to  speak.     There  then  follows 
a  classified  list  of  works  valuable  for  reference.     The  main  body 
of  the  book  is  devoted  to  an  account  of  the  three  sub-classes, 
Phceophyceoe^  Chlorophycem  and  RhodophyceoBy  taken  up  in  the 
order  named.     There  are  also  short  chapters  on  the  DicUomaeea 
and  CyanophycecB,     The  pages  are  so  crammed  with  facts  thai 
the  book  is  almost  encyclopaedic.     We  have   here  for  the  first 
time  a  careful  collation  of  what  has  been  observed  in  relation  to 
the  difl^erent  orders  up  to  the  present  time,  but  the  writer  is  care- 
ful not  to  confound  observations  with  purely  theoretical  conda- 
Fions,  and    is   content  with    a  statement  of  opposing  theoretical 
views  without  feeling  obliged  in  all   cases  to  decide  in   favor  of 
either  in  the  j)reseiit  state  of  our  knowledge.     The  chapters  on 
PhcBophycem  and  RhodophycecB  will  be  especially  appreciated  by 
all  who  have  to  teach  or  lecture   upon   these  two   large  and  per- 
plexing groups.     The  illustrations,  selected  from  numerous  mono- 
graphs and  special  papers,  are  generally  well  executed,  but  we  do 
not  think  that  the  colored  plates  are  quite  satisfactory,  although, 
perhaps,  they  are  as   good  as  the  low  price  of  the  book   would 
warrant.  w.  g.  f. 
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IV.    Miscellaneous  Scientific  Intelligence. 

1.  Comet  of  ISJiS  I, — Herb  Krkutz  of  Kiel  has  been  engaged 
in  the  investigation  of  the  path  of  the  great  comet  1843  I,  which 
has  seemed  to  bear  close  relations  to,  if  not  identity  with,  the 
comets  of  1668,  1880  I,  and  1882  11.  In  the  Astronomische 
Nachrichten^  No.  3320,  he  gives  in  advance  of  fall  publication 
the  principal  results  of  his  computations.  The  most  probable 
period  of  revolution  is  6 12*39  ±  70*75  years.  The  period  of  36 
years,  necessary  if  there  is  identity  with  comet  1880  I,  as  well  as 
that  of  176  years  if  there  is  identity  with  comet  1668,  are  found 
to  be  inconsistent  with  the  observations  of  comet  1843  I.  He 
finds,  however,  that  while  a  parabolic  orbit  is  inadmissible,  a 
period  of  800  years,  equal  to  that  of  the  great  comet  188*2  II,  is 
admissible.  Moreover,  he  finds  a  remarkable  relation,  viz  :  that 
the  line  of  intersection  of  the  planes  of  the  two  orbits  is  for 
each  of  them  along  the  major  axis  of  the  orbit.  Hence  he  con- 
cludes with  considerable  probability,  1st,  that  the  two  comets  are 
parts  of  one  original  comet,  and  2d,  that  the  separation  took 
place  in  some  past  epoch  at  or  near  the  perihelion  passage  of  the 
original  body.  Why  it  may  not  have  separated  near  aphelion  is 
apparently  not  considered. 

2.  Haroard  College  Observatory. — The  Director  of  the  Obser- 
yatory  of  Harvard  College,  Professor  E.  C.  Pickering,  has 
recently  commenced  the  publication  of  a  series  of  Circulars, 
designed  to  furnish  a  prompter  announcement  than  has  hitherto 
been  possible  of  the  results  of  the  Observatory  work.  Numbers 
1,  2  and  3  have  already  appeared.  The  first  describes  a  new  star 
which  appeared  in  the  spring  of  1895  in  the  constellation  Carina, 
discovered  from  an  examination  of  the  Draper  Memorial  photo- 
graphs taken  at  the  Arequipa  Station.  The  spectrum  of  the 
star  resembles  closely  those  of  Nova  Aurigae  and  Nova  NormsB. 
Circular  No.  2  describes  certain  variable  star  clusters. 

Circular  No.  3  (Dec.  13)  gives  observations  of  a  new  variable 
star  of  the  Algol  type.  This  is  the  star  B.  D.  +17°  4367,  magn. 
9-1,  whose  approximate  position  for  1900  is  in  R.  A.  20**  33".  1, 
Decl.  4-17°  56'.  The  change  of  brightness  appears  to  be  rapid 
and  the  range  of  variation  to  be  large,  exceeding  two  magnitudes. 

3.  Distribution  of  the  Magnetic  Declination  i?i  Alaska  and 
adjacent  waters  for  the  year  1895,  with  a  chart,  by  C.  A.  Schott. 
(U.  S.  Coast  and  Geodetic  Survey,  Bulletin  No.  34.) — This  brief 
pamphlet,  in  addition  to  the  new  and  excellent  declination  chart 
for  Alaska,  discusses  briefly  the  observations  available  and  the 
methods  by  which  they  have  been  reduced  for  use  in  laying  down 
the  isogonic  lines. 

4.  Oeodesyy  Determinations  of  Latitude^  gravity  and  magnetic 
elements  at  stations  in  the  Hawaiian  Islands,  including  a  result 
for  the  mean  density  of  the  earth.  1891, 1892,  by  E.  D.  Preston. 
(U.  S.  Coast  and  Geodetic  Survey,  W.  W.  Duflield,  Supt    Appen- 
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dix  No.  12.— Report  for  1893,  pt.  2,  pp.  513-639,  plates  22-37.) 
Washington,  1894.  In  this  report  the  mean  density  of  the  earth 
is  calcalated  from  observations  of  the  force  of  gravity  at  two  sta- 
tions (Waiau  and  Kawaihae)  on  the  Island  of  Hawaii  in  coropiri- 
son  with  the  density  of  Mauna  Kea,  determined  from  specimens 
whose  specific  gravity  was  measured  by  G.  P.  Merrill  of  the 
Smithsonian  Institution  and  £.  S.  Dana  (this  Journal,  vol.  xxzvii, 
p.  442  and  447)  to  be  in  relation  to  the  density  of  the  moantains 
as  1*77  to  1,  the  density  of  the  mountain  being  assumed  to  be 
2*90 ;  this  gives  mean  density  of  the  earth  =:  5*13. 

5.  Relative  Schwerebestimmungen  durch  Pendelbeobaehtungen: 
ausgefUhrt  durch  die  K.  und  K.  Kriegs-marine  in  den  Jahreo 
1892-1894.  630  pp.  with  5  plates. — The  results  of  a  long  serieB 
of  pendulum  observations  carried  through  by  the  Aastrian  Grov- 
ernment  between  the  years  1892  and  1894  are  here  presented  in 
full  tabular  form  with  explanations  as  to  the  instruments  employed, 
etc.  The  stations  occupied  include  a  large  number  on  both  east 
and  west  shores  of  the  Adriatic  sea  and  a  series  of  others  Jit 
widely  separated  points  distributed  over  the  world  at  large. 

6.  Elementary  Physical  Geography^  by  Ralph  S.  Tarr.  488 
pp.  8vo.  New  York  and  London,  1896.  (Macmillan  Jb  Co.) — The 
author  has  given  here  a  clear  and  interesting  presentation  of  the 
various  topics  commonly  included  under  the  general  head  of 
Physical  Geography.  So  many  different  branches  of  science  have 
to  be  touched  upon  that  in  an  elementary  work  like  the  one  in 
hand,  the  treatment  is  of  necessity  often  superficial.  In  the 
main,  however,  good  judgment  is  used  in  the  choice  of  matter  and 
the  work  as  a  whole  will  be  found  a  highly  valuable  contribution  to 
the  available  text-books  in  a  field  not  before  well  occupied.  lo 
the  matter  of  illustrations  the  author  has  shown  commendable 
enterprise  ;  they  are  numerous,  well  selected  from  many  sources 
and  with  few  exceptions  very  satisfactorily  reproduced. 

7.  The  Herscheh  and  Modern  Astronomy ;  by  Agnes  M. 
Clkrke,  New  York,  pp.  224,  12mo,  1895.  (Macmillan  &  Co.) 
Century  Science  Series,  vol.  iii. — The  life  of  John  Herschel  has 
never  been  written,  and  the  wonderful  series  of  papers  which  the 
elder  Herschel  contributed  through  a  series  of  years  to  the  Phil- 
osophical Magazine  have  never  been  collected  and  republished, 
yet  the  lives  and  works  of  both  arc  so  well  known  that  the  pres- 
ent volume  offers  little  that  is  new ;  nevertheless,  being  written  by 
Miss  Gierke,  it  will  prove  both  interesting  and  profitable  to  lay- 
men and  specialists  alike.  w.  b. 

8.  Justus  von  Llehig^  His  Life  and  Work ;  by  W.  A.  Shbn- 
STONE,  pp.  219.  (Macmilhin  tfc  Co.,  $1.25.) — More  than  twenty 
years  after  Liebig's  death,  this  essay  appears  as  the  first  com- 
prehensive and  po}>ular  account  of  his  scientific  career.  The 
author  justly  considers  the  subject  of  his  work  as  one  of  the 
greatest  men  of  this  or,  perhaps,  any  other  century.  He  was 
the  pioneer  in  four  great  departures  in  science,  in  organic 
chemistry,  in  the  application  ol  chemistry  to  agriculture  and  to 
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lysiology,  and  in  the  development  of  the  laboratory  method 
teaching.  The  book  gives  an  excellent  account  of  Liebig's 
9rk,  most  of  which  was  important  in  its  practical  application 
id  of  great  general  interest,  and  being  nearly  free  from  tech- 
calities,  the  essay  is  available  for  the  general  reader,     h.  l.  w. 

9.  Bibliotheca  Zoologica  IL — Verzeichniss  der  Schriften  fiber 
)ologie  welche  in  den  periodischen  Werken  enthalten  und  vom 
thre  1861-1880  selbstst&ndig  erschienen  sind,  etc.  Bearbeitet 
tn  Dr.  O.  Taschenbebg.  13te  Lieferung,  pp.  3889-4208.  Leip- 
5,  1895.  (Wm.  Engelmann.)  The  present  thirteenth  part  of 
is  great  work  is  the  last  one,  as  announced  in  the  prospectus. 

includes  signatures  481  to  520,  or  pages  3889  to  4208.  The 
»pearance  of  the  earlier  parts  has  been  repeatedly  announced  in 
is  Journal  and  attention  has  been  called  to  the  careful  accuracy 
id  thoroughness  which  characterize  their  preparation.  The  editor 
ay  well  be  congratulated  upon  the  completion  of  his  labors. 

10.  2^ologi8che$  Adreasbuch :  Namen  und  Adressenderlebeuden 
>ologen,  Anatomen.  Physiologen  und  Zoopaleontologen  sowie 
T  k&nsterlischen  und  technischen  Hulfs-Kraite ;  heransgegeben 
I  Auftrage  der  Dentschen  Zoologischen  Gesellschaft  von  R. 
nedlander  und  Sohn,  8vo,  740  pp.     Berlin,  1875. 

This  is  a  highly  useful  work,  giving,  as  mentioned  in  the  title 
ioted  above,  the  names  and  addresses  of  living  zoologists,  in 
eir  different  departments.  The  names  are  arranged  geographi- 
lly,  all  the  members  of  the  faculty  at  a  single  university  being 
inted  together  and  the  whole  presented  with  commendable 
^rness  of  typography.  A  full  index  at  the  end  of  the  volume 
peats  the  names,  grouped  under  the  special  branches  of  the 
Deral  science.  The  work  cannot  but  be  found  most  convenient 
'  all  in  this  department. 

1 1.  New  York  Academy  of  Sciences, — The  folio wmg  geological 
,per8  appear  in  the  recently  issued  volume  xiv  of  the  New  York 
3ademy : 

Dislocations  in  certain  portions  of  the  Atlantic  coastal  plain  strata  and  their 

>bable  causes,  by  Arthur  Holleok,  pp.  8-20,  figs.  1-5. 

On  a  granite-diorite  near  Harrison,  Westchester  County,  N.  Y.,  by  Heixbioh 

B8,  pp.  80-86. 

rhe  Protolenus  fauna,  by  G.  F.  Matthew,  pp  101-163,  plates  i-vi. 

rhe  effusive  and  dyke  rocks  near  St  John,  N.  B.,  by  W.  D.  Matthew,  pp.  187- 

8,  plates  xil-xvii. 

rwo  new  Cambrian  graptolites  with  notes  on  other  species  of  Graptolitidse  of 

It  age,  by  G.  F.  Matthew,  pp.  262-273. 

rhe  geological  section  of  the  East  River,  at  Seventieth  street,  New  York,  by 

F.  Kemp,  pp.  273-276. 

1 2.  Osticald's  Klassiker  der  Exakten  Wissenschaften. — The  f ol- 
wing  list  gives  the  recent  additions  to  this  valuable  series  of 
ientific  classics : 

No.  60.  Die  Geometrischen  Constnictionen,   ausgefiihrt  mittelst  der   Geraden 
die  und  eines  festen  Ereises,  als  Lehrgegenstand  auf  hoheren  Unterrichtsan- 
ilten  und  zur  praktischen  Benutzung  von  Jacob  Steiner  (1833). 
No.  61.  Ein  Versuch  die  Mathematische  Analysis  auf  die  Theorien  der  Blek- 
dtit  nod  der  MagnetismuB  anzuwenden  von  George  Green  (1828). 
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No.  62.  Sechs  pflanzenphysiologische  Abhandlung^n  von  Thomas  Andrew 
Knight  (1803-1812). 

No.  63.  Zur  Entdeckung  des  Elektromagnetismus.  AbhandluDgen  tod  Hans 
Christian  Oersted  und  Thomas  Johann  Seobeck,  (1820-1821). 

No.  64.  Ueber  die  Vierfach  Periodischen  Functionen  zweier  Yariabeln  vod 
0.  G.  J.  Jacobi,  (1834). 

No.  65.  Abhandlung  iiber  die  Functionen  zweier  Yariabler  mit  Tier  Perio- 
den,  von  Georg  Kosenhnin,  (1851). 

No.  66.  Die  Anf^nge  des  Naturlichen  Systemes  der  chemischen  Elemeote. 
Abhandlungen  Ton  J.  W.  Doebereiner  und  Max  Pettenkofer,  (1829,  1860). 

Obituary. 

George  Lawsox,  Professor  in  Dalhonsie  College,  Halifax, 
Nova  Scotia,  died  at  his  home  on  the  evening  of  November  10. 
He  was  born  in  Scotland,  Oct.  12,  1827.  He  was  educated  at  a 
private  school.  After  a  few  years  of  study  by  himself,  in  which 
he  devoted  a  good  deal  of  attention  to  law,  he  entered  the  Uni- 
versity of  Edinburgh,  and  at  once  began  active  work  in  Natural 
Science,  giving  much  of  his  time  to  Botany.  He  was,  for  a  time, 
Curator  of  the  Herbarium  at  the  University  and  assistant  to  the 
Professor  of  Botany.  In  1857  he  took  the  degree  of  Ph.D.  at 
the  University  of  Giessen,  and  in  the  following  year  came  to 
Canada  as  professor  of  chemistry  and  natural  history  in  Queen's 
University,  Kingston,  Ontario.  In  1863  he  accepted  the  profes- 
sorship of  chemistry  and  natural  history  in  Dalhonsie  College. 
From  the  first  year  of  his  residence  in  Nova  Scotia  he  engaged  in 
the  development  of  the  agriculture  of  the  Province,  and  was  the 
secretary  of  the  Board  of  Agriculture  till  1 885.  In  that  year  the 
work  of  the  board  was  transferred  to  the  provincial  government 
and  Dr.  Lawson  became  Secretary  of  Agriculture  for  the  Province 

His  contributions  to  science  have  been  published  chiefly  in  the 
Transactions  of  the  Botanical  Society  of  Edinburgh,  the  Royal 
Society  of  Canada,  and  the  Nova  Scotia  Institute  of  Science. 
His  activity  in  bringing  before  the  farmers  of  the  province  the 
latest  and  most  trustworthy  intelligence  in  agricultural  matters 
was  unabated  up  to  the  last  of  his  life.  Professor  Lawson  was  a 
member  of  many  learned  societies  in  America  and  Europe,  and 
was  for  a  time  President  of  the  Royal  Society  of  Canada,  o.  l.  g. 

M.  S.  Bebb. — At  the  moment  of  going  to  press,  we  learn  that 
M.  S.  Bebb,  of  Rockford,  Illinois,  died  in  California,  on  the  5th 
of  December.  Although  for  some  years  in  enfeebled  health,  he 
did  not  relinquish  until  recently  the  study  of  his  favorite  plants, 
the  willows.  We  hope  to  give  in  a  subsequent  number  of  this 
journal  gome  account  of  the  useful  life  of  this  botanist,  who  has 
endeared  himself  to  his  correspondents  everywhere.  g.  l.  g. 

Don  Antonio  del  Castillo,  founder  and  director  of  the  Geo- 
logical Survey  of  Mexico,  died  on  the  27th  day  of  October,  1895, 
in  the  city  of  Mexico. 
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300KS    AND    PAMPHLETS   RECKNTLY   RECEIVED    AND  THUS    PAR 

NOT   OTHERWISE   NOTICED. 

Notes  on  the  Nebular  Theory  in  relation  to  stellar,  solar,  planetary,  coraetary 
ind  geological  phenomena,  by  William  Ford  Stanley,  F.R.A.S ,  etc.  London,  1896, 
J59  pp.  &V0.  (Kegan  Paul,  French,  Trubner  &  Co.) 

Laboratory  Course  of  Elementary  Physics,  by  W.  J.  Loudon  and  J.  C.  McLennan. 
J02  pp.  8vo.     New  York  and  London  (Macmillan  &  Co.). 

Resiiltate  der  im  Sommer  1 893  im  dem  nordlichsten  Theile  Norwegens  ausge- 
f&hrten  Pendelbeobachtungen  nebst  einer  Untereuchung  iiber  den  Einfluss  von 
Bodenerschiitteningen  auf  die  Schwingungszeit  eines  Pendela,  von  0.  E.  Schiotz. 
5vo,  42  pp.  Kristiania,  1894  (Die  Norwegische  Commission  der  Europaischen 
&radmessung). 

Ueber  die  Auswahl  der  Punkte  bei  Gttttingen,  an  welchen  bei  Probe-Pendel- 
tnessuogen  Difforenzen  in  der  Intensitat  der  Schwere  zu  erwarten  waren,  von 
A..  VON  KoEN'EN',  und  Ueber  die  Ergebnisse  der  ersten  Pendelmessungen,  von  W. 
3CHUR  (Nachr.  d.  K.  Gesells.  Wissensch.  zu  Gottingen.  Math.-Phys.  Klasse,  1895. 
Hft  2,  pp.  1-7). 

Astronomische  Arbeiten  der  osterreichischen  Gradmessungs-Comroission.  Bes- 
timmung  der  Polhobe  und  des  Azimutes  auf  den  stationen  Spieglitzer  Schneeberg, 
Hoher  Schneeberg  und  Wfitrnik ;  ausgefiihrt  von  Professor  Dr.  Josef  Herr.  Nach 
Jessen  Tode  definitiv  gerechnet  und  herausgegeben  von  Professor  Dr.  Wilhelm 
rioter.     96  pp.  4  to.     Vienna.  1895. 

Recent  Bulletins  of  the  U.  S.  Geological  Survey: 

No.  118.  A  Geographic  Dictionary  of  New  Jersey,  by  Henry  Gannett.  8vo, 
131  pp 

No.  119.  A  Geological  Reconnaissance  in  Northwest  Wyoming,  by  George  H. 
Eldridgo.    8vo,  72  pp. 

No.  120.  The  Devonian  System  of  Eastern  Pennsylvania  and  New  York,  by 
Cbarlefl  S.  Prosser.     8vo,  81  pp. 

No.  121.  A  Bibliography  of  North  American  Paleontology,  1888-1892,  by  Charles 
R.  Keyes.     8vo,  251  pp. 

No.  122.  Results  of  Primary  TriangiUation,  by  Henry  Gannett.     8vo,  412  pp. 

Missouri  Geological  Survey,  vol.  viii,  Annual  Report  for  1 894,  by  Charles  R. 
Keyes,  State  Geologist,  with  accompanying  papers.  405  pp.  8vo.  Jefferson  City, 
1895. 

Geological  Survey  of  Canada,  Several  series  of  maps  have  recently  been  issued 
by  the  Canadian  Survey ;  nine  of  these  are  devoted  to  the  auriferous  creeks  of  the 
(^boo  dij?trict,  British  Columbia ;  fourteen  others  belong  to  Nova  Scotia. 

Le  systdme  d^vonien  dans  la  chaine  des  Mougodjares  par  P.  V^nukoff,  pp. 
103-158,  plates  i-iil.     St.  Petersburg,  1895. 

The  (>etaceous  Foraminifera  of  New  Jersey,  by  R.  M.  Baoo. 

Mount  Shasta  a  typical  volcano,  by  J.  S.  Diller.  National  Geographic  Mono- 
graphs, vol.  i,  No.  8,  pp.  237-268,  figures  1-7  (Am.  Book  Co.).     1895. 

On  Bryozoa. — Two  contributions  to  the  nomenclature  and  elaboration  of  the 
structure  of  Bryozoa  and  Corals  are  made  by  Geo.  B.  Stimpson  of  the  State 
Hnseum  in  the  Report  of  the  State  Geologist  of  New  York  for  the  year  1893. 
the  titles  are  Glossary  and  Explanation  of  specific  names  of  Bryozoa  and  Corals 
lescribed  in  vol.  vi  Paleontol.  of  New  York  and  other  reports,  pp.  731-747,  and  a 
Ustmseion  of  the  different  genera  of  Fenestelliise,  pp.  687<-727. 

L'enizione  del  Vesuvis  nel  mese  de  Luglio  del  1895,  Pasquale  Franco  ed 
iooSTiNO  Galdibbi,  pp.  1-11.     Napoli,  1895. 

Geological  Survey  of  Alabama,  Report  upon  the  Coosa  Coal  field  with  sections, 
*y  A.  M.  Gibson,  Assist.  Geologist,  pp.  1-143.     Montgomery,  1895. 

Snr  la  Geologic  der  Congo  Frangais  par  M.  Mauhioe  Babbet  (Extrait  der  Ann. 
les  Mines),  pp.  1-132,  plates  i-xiv.     Paris,  1895. 

Ueber  die  Silurformation  in  Jemtland  von  Cabl  Wiman  (Reprinted  from  Bull. 
^eol.  Instit  Upsala,  No.  2,  vol.  i,  1893),  pp.  1-21. 

Republication  of  descriptions  of  fossils  from  the  Hall  Collection  in  the  Ameri- 
«n  Museum  of  Natural  History,  from  the  Report  of  progress  for  1861  of  the 
}eological  Survey  of  Wisconsin,  by  James  HaU,  with  ^lustrations  from  the 
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original  type  specimens  not  heretofore  figured,  by  R.  P.  WhittislDt  Mem.  Am. 
Mu8.  Nat.  Hiat..  vol.  i.  Part  II,  pp.  39-74,  plates  iv-xii,  Aug.  10,  18©6. 

Od  the  Organic  remains  of  the  Little  River  Group,  Nos.  II  and  III,  by  G.  F. 
Matthew,  Trans.  Roy.  Soc.  Canada,  IV,  1894,  pp.  89-111,  plate  i. 

Ueber  der  Entwicklung  von  Dadocrinus  gracilis  v  Buch  und  Holocrinus  Wag- 
neri  Ben.  und  ihr  Verwandtschaft  mit  anderen  Crinoiden,  von  A.  von  KoEXcr 
(Nachr.  der  K.  Ocsellschaft  der  Wissenschiften  zu  Gottingen,  Math  Pbjs. 
Klasse.  1895,  Heft  3).  11  pp.     Gottingen,  1895. 

Ueber  einige  Fiscbreste  dor  Norddeuscben  und  bohmischen  Devons,  tod  A. 
voy  KoENEN  (Abhand.  k.  Gesellsch.  d.  Wissensch.  zu  Gottingen.  Bd.  xl,  pp. 
1-37,  plates  i-v).     Gottingen,  1895. 

Boletin  de  la  Comi.sion  geol6gica  de  Mexico,  Num.  I.  Fauna  Fosil  de  it 
Sierra  do  Catorce,  San  Luis  Potosi,  por  Antonio  del  Castillo,  Director,  y  Jose  G. 
Aquilera.  Bajo  loa  auspicios  de  Ministerio  de  Fomcnto.  4to,  55  pp.  with  xiif 
plates.     Mexico.  1895. 

Lithia  Hercynica,  Verzeichnis  der  Minerale  des  Harzes  und  seines  Yorlasdea. 
von  Erwin  Schulze,  Ph.D.,  191  pp.    Leipzig,  1895  (Veit  A  Comp.). 

Annuaire  Geologique  universel,  revue  de  G^logic  et  Pal^ntologie  dirigee  ptr 
Dr.  L.  Carez  et  H.  Douvill^  avec  le  concours  de  nombreux  g^logues  francais  et 
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Abt.  XI. — Researches  in  Acoustics  ;  by  Alfred  M.  Mayer. 

Paper  No.  10  oontaiQing  The  Yariation  of  the  Modulus  of  Elasticity  with 
Change  of  Temperature  as  determined  by  the  Transverse  Vibration  of  Bars  at 
Yarions  Temperatures.    The  Acoustical  Properties  of  Aluminum. 

[Read  before  the  British  Association,  at  Oxford,  Aug.,  1894.] 

Summary  of  the  Research. 

PoissoN  in  his  Traits  de  Mechanique  (Paris,  1833,  t.  II, 
pp.  368-392)*  discusses  the  laws  of  the  transverse  vibrations 
01  a  bar  free  at  its  ends  and  supported  under  its  two  nodes. 
He  shows  that  the  frequency  of  the  vibrations  of  the  bar  is 
given  by  an  equation,  which,  reduced  to  its  simplest  expression, 

iBN  =  Vx  1*0279 -75;  in  which  N  is  the  number  of  vibrations 

V 

per  second  of  the  bar,  t  its  thickness,  I  its  length  and  V  the 
velocity  of  sound  in  the  direction  of  the  length  of  the  bar. 

To  ascertain  how  near  the  frequency  of  the  transverse  vibra- 
tions of  a  bar,  computed  by  Poisson's  formula,  agrees  with  the 
result  obtained  by  experiment,  the  following  method  of  experi- 
menting was  used. 

Rods  of  steel,  aluminum,  brass,  glass  and  of  American  white- 
pine  {Pinus  strobus) — substances  differing  greatly  in  their 
moduli  of  elasticity,  densities  and  physical  structures — were 
carefully  wrought  so  as  to  have  the  length  of  1*5  ±  meter ;  the 
thickness  of  0*5*^,  the  width  of  2*^',  and  a  uniform  section 
ftroughout  their  lengths.  The  velocity  of  sound  in  these  rods 
^as  determined  by  vibrating  them  longitudinally  at  a  tempera- 
fete  of  20°,  while  held  between  the  thumb  and  forefinger,  and 

*See,  also,  The  Theory  of  Sound,  by  Lord  Rayleigh,  1894,  vol.  i,  oh.  8. 
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their  frequencies  of  vibration  ascertained  by  the  standard  forb 
of  Dr.  R.  Koenig's  tonometer. 

Out  of  each  of  these  long  rods  were  cut  three  bars  of  the 
length  of  20*^",  and  these  bars,  also  at  20°,  were  supported  on 
threads  at  their  nodes,  vibrated  transversely  by  striking  them 
at  their  center  with  a  rubber  hammer,  and  their  frequencies  of 
vibration  determined  by  the  forks  of  the  tonometer. 

The  mean  departure  of  the  observed  from  the  computed 
numbers  of  transverse  vibrations  (see  Table  I)  is  yi^;  the 
computed  frequency  being  always  in  excess  of  the  observed, 
except  in  the  case  of  glass,  where  the  computed  is  ^^3-  below  the 
observed  frequency. 

In  Table  I,  ?  =  length  and  i  =  thickness  of  bar  in  centime- 
ters at  20^.  V  =  velocity  of  sound  in  centimeters  in  bar  at 
20°.     N  =  number  of  vibrations  per  second  at  20°. 

The  close  agreement  of  the  computed  and  observed  valoes 
shows  that,  by  vibrating  a  bar  at  various  temperatures,  the  varia- 
tion of  its  modulus  of  elasticity  with  change  in  its  temperatuie 
can  be  obtained.    We  observe,  N,  at  various  temperatures  of  the 

N  V<? 

bar;  then  V  = is  computed,  and  the  modulus M  =  — . 

1-0279-^  ^ 

As  ^,  Z,  and  d  (the  density  of  the  bar),  vary  with  the  tempera- 
ture, the  coefficient  of  expansion  of  each  bar  and  its  density  at 
4°  were  determined,  so  that  the  dimensions  and  density  of  the 
bar  could  be  computed  for  each  of  the  temperatures  at  which 
it  was  vibrated. 

Experiments  were  made  on  five  bars  of  different  steels,  on 
two  of  aluminum,  on  one  of  St.  Gobain  glass,  one  of  brass,  one 
of  bell-metal,  one  of  zinc  and  one  of  silver.  The  results  of 
these  experiments  may  be  summed  up  as  follows : 

The  modulus  of  elasticity  of  St.  Gobain  glass  is  1*16  per  ct.  leas  at  100*  than  at  0°. 
"  *'  the  five  steels 

"  "  brass 

"  "  beU-metal 

**  "  aluminum 

"  '*  silver 


it 


ii 


zinc 


"5 

i'24to309 

u 

3-73 

ii 

4-3 

It 

6-5 

(1 

2-47 

60' 

u 

6-04 

ii 

62» 

M 

The  decrease  of  the  modulus  of  elasticity  of  glass,  aluminum 
and  brass  is  proportional  to  the  increase  of  temperature; 
straight  lines  referred  to  coordinates  giving  the  results  of 
experiments  on  these  substances.  The  five  steels,  silver  and 
zinc  give  curves,  convex  upwards,  showing  that  the  modulus 
decreases  more  rapidly  than  the  increment  of  temperature; 
while  bell-metal  alone  gives  a  curve  which  is  concave  upwards; 
its  modulus  decreasing  less  than  the  increment  of  temperature. 
(See  fig.  5,  p.  95.) 
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The  more  carbon  a  steel  contains  the  less  is  the  fall  of  its 
odnlns  of  elasticity  on  elevating  the  temperature  of  the  steel, 
hns,  the  modulus  of  the  steel  with  1*286  per  cent  of  carbon 
2*24:  per  cent  less  at  100®  than  at  0®,  while  the  steel  con- 
ining  0'15  per  cent  of  carbon  has  a  raodnlus  at  100°  which 
3*09  per  cent  lower  than  its  modulus  at  0®» 
So  far  as  experiments  on  a  single  steel  containing  nickel 
irmits  of  any  general  deductions,  it  appears  that  the  presence 
•  nickel  in  a  low  carbon  steel  lowers  its  modulus  of  elasticity, 
bus,  steels  Nos.  3  and  4  having  respectively  '47  and  '51  per 
mt  of  carbon  have  a  modulus  of  2131  X  10',  while  steel 
o.  5,  containing  '27  per  cent  of  carbon  and  3  per  cent  of 
ckel,  has  a  modulus  of  2080  X  10',  which  is  2'12  per  cent, 
wer  than  that  of  steels  Nos.  3  and  4. 

The  presence  of  nickel  in  a  steel  may,  in  a  diminished 
jgree,  have  the  effect  of  carbon  in  lessening  the  lowering  of 
e  modulus  when  the  temperature  of  the  steel  is  increased, 
bus,  the  percentage  of  the  lowering  of  the  modulus,  by 
^ting  from  0®  to  100®,  of  steel  No.  5  containing  0*27  of 
rbon  and  3  per  cent  of  nickel,  is  the  same  as  that  of  steel 
o.  3  with  0*47  per  cent  of  carbon. 

If  a  bar  of  any  one  of  the  substances  experimented  on  is 
ruck  with  the  same  energy  of  blow,  by  letting  fall  on  the 
mtre  of  the  bar  a  rather  hard  rubber  ball  from  a  fixed  height, 
le  sound  emitted  by  the  bar  diminishes  in  intensity  and  in 
oration  as  the  temperature  of  the  bar  is  raised.     Thus : 

rass  at  0°  vibrates  during  75  sees.;  at  100°  it  vibrates  during  45  sees. 

•eU-Metal  "  "  55     ••  "  "  15     " 

duminum  "  "  40    "  "  "  12     " 

.AC. Cast  Steel  *»  »*  80     "  "  "  6     •* 

teasemer  Steel     "  •*  45     "  "  *'  1*6 " 

^  Gobain  Glass  "  •♦  6     "  "  "  3*5 " 

Zinc  at  0°  vibrated  during  5  sees.;  at  20°  only  during  1*5 
iec8.  At  62°  it  vibrated  for  so  short  a  time  that  it  only  gave 
three  beats  with  forks  of  1090  and  1082  v.  s.  At  80°  it  was 
Qot  possible  to  determine  the  pitch  of  the  bar,  and  at  100°  the 
bar  when  struck  gave  the  sound  of  a  thud.  The  bar  of 
^Iver  acted  in  a  similar  manner  to  the  bar  of  zinc — it  was 
Jven  less  sonorous  than  zinc — thus  flatly  denying  the  "silvery 
»ne8 "  attributed  to  it. 

These  phenomena  do  not  depend  on  the  fall  of  modulus  but 
>a  changes  in  the  structure  of  the  metal  on  heating,  which 
sanse  the  blow  to  heat  the  bar  and  not  to  make  it  vibrate. 

Bell-metal  was  found  to  be  an  alloy  peculiarly  well  suited 
)r  bells,  as  the  intensity  and  duration  of  its  vibrations  were 
16  same  at  50°  as  at  0° ;  all  other  substances  showing  a 
larked  diminution  of  intensity  and  duration  of  sound  at  50°. 
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A  bar  of  unannealed  drawn  brass,  after  it  has  been  heated  to 
100®,  has  its  raodnlas  increased  -^  per  cent.  See  Table  III 
and  fig.  11,  p.  98. 

In  this  research  I  had  the  good  fortune  to  have  had  the 
assistance  of  Dr.  Rudolph  Koenig,  of  Paris.  He  not  only 
placed  at  my  service  the  resources  of  his  laboratory  and  work- 
shop, but  generously  gave  me  constant  assistance  during  the 
experiments ;  making  the  determinations  of  the  nnmbers  of 
vibration  of  the  rods  and  bars  with  the  standard  forks  of  bi» 
tonometer.  Without  his  aid  this  work  could  not  have  been 
done.  For  instance,  in  the  cases  of  the  bars  of  silver  and  zinc 
the  beats  they  give  with  a  fork  are  so  few  that  they  cannot  be 
compared  with  a  chronometer ;  but  Dr.  Koenig,  from  his  long 
experience  in  the  estimation  of  beats,  was  enabled  to  form  an 
accurate  judgment  of  their  number  per  second  from  the 
rhythm  ot  the  beats.  The  determination  of  pitches  extending 
through  such  a  range  of  vibrations  as  occur  in  this  research 
can  only  be  made  with  Dr.  Koenig's  *'  grand  tonomdtre,"  a 
unique  apparatus  of  precision,  giving  the  frequency  of  vibra- 
tions from  32  to  43690  v.  s.,  and  really  indispensable  to  the 
physicist  who  would  engage  in  precise  quantitative  work  in 
acoustics. 

We  now  proceed  to  give  accounts  of  the  several  operations 
performed  in  the  progress  of  this  research. 

Determination  of  the  Velocity  of  Sound  in  Hods, 

In  the  determinations  of  the  velocity  of  sound  in  the  rods  of 
1*5  m.  in  length  I  used  the  method  of  Chladni.*  Knndfs 
method  of  obtaining  nodal  lines  of  line  powders  in  a  tube,  by 
vibrating  a  rod  whose  end  carries  a  cork  which  tits  loosely  the 
end  of  the  tube,  is  not  accurate.  The  weight  and  friction  of 
the  cork,  the  necessity  of  firmly  clamping  the  rod  at  a  node, 
and,  above  all,  the  want  of  knowledge  of  the  velocity  of  sound 
in  the  air  of  glass  tubes  of  different  diameters,  renders  this 
method,  so  beautiful  and  ingenious,  worthless  for  accarate 
measures  of  the  velocity  of  sound  in  solids. 

The  curves  in  fig.  1  show  the  very  diverse  determinations 
of  the  velocity  of  sound  in  the  air  in  tubes  of  different  diam- 
eters by  the  i)hjsic*ists  Kiindtf,  Schneebeli:}:,  Seel^ck§,  and 
Keyser|i.  The  velocity  of  sound  in  metres  is  given  on  the 
axis  of  Y  ;  the  diameter  of  the  tube  in  centimeters  on  the  axis 
of  X.  Ku  stands  for  Kundt,  Sch  for  Schneebeli,  Se  for  See 
beck,  and    Ke   for   Keyser.     The    most   precise    measures  of 

♦  Traite  d'Acoustiquo,  Paris,  1809,  p.  318  et  stq, 

•■  Bericht.  der  Akad.  der  Wiss  zu  Berliu,  IHHT. 

::  PopTK-  Ann..  18H0,  vol.  cxxxvi.  g  Pogg.  Ann.,  1870,  vol.  cmii. 

■^Wied.  Ann.,  1877,  vol.  ii.  p.  218. 
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elocities  are  those  of  Eeyser,  who  cloBod  the  end  of  the  tabe 
itb  a  cork  attached  to  the  end  of  a  steel-bar,  white  the  other 
ad  of  the  bar  was  aeciirelv  clamped.  The  freqaenc;  of  the 
'aneverse  vibrations  of  the  bar  was  ref^istered  by  a  style 
escribing  the  sinuBoidH  of  the   vibrating    bar.    Thus    the 


4  5         6  7a    cm. 

•eight  and  friction  of  the  cork  introdaced  no  error.  In  a 
milar  manner  I  obtained  tlie  velocity,  marked  M  in  Hg.  1, 
y  vibrating  a  rod  of  aluminnm.  The  frequency  of  the  vibra- 
ons  of  the  rod  were  measured  while  the  cork  at  the  end  of 
le  rod  was  vibrating  in  the  month  ('f  the  tube.  The  result 
screes  closely  with  Keyser's.  It  is  needless  to  discoss  the 
brves  of  fig.  1. 
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The  method  of  Chladni,  nsed  exactly  as  that  emineDt  man 
used  it,  remains  the  best  we  have.  It  is  important,  however, 
to  note  that  the  rod  must  be  held  between  the  thumb  and 
forefinger  when  it  is  vibrated  and  not  clamped  when  vibrated 
When  clamped  it  always  gives  a  higher  frequency,  as  shown 
by  the  following  experiments  : 

Steel  rod  damped 3429*2    Aluminum  rod  clamped... 3377-0 

Steel  rod  held  between  fingers  3428*4    Aluminum  rod  held  between  fingers  3376  i 

The  frequency  of  the  vibrations  of  the  rods  of  steel,  brass, 
aluminum,  glass  and  pine  wood,  when  held  at  the  middle  of 
their  lengths  and  vibrated  so  as  to  give  their  fundamental 
tones,  gave  exactly  the  octaves  of  these  fundamental  tones 
when  held  at  one-quarter  of  their  lengths  and  vibrated. 

Determination  of  the  lengths  of  the  long  rods  and  of  the  length 

and  thicknesses  of  the  bars. 

The  lengths  of  the  rods  of  l'5db  meters  were  ascertained 
by  comparison  with  the  rod  of  steel  whose  length  was  meas- 
ured at  the  Bureau  International  des  Poids  et  Mesures.  The 
lengths  and  thicknesses  of  the  bars  which  were  vibrated  trans- 
versely were  measured  with  micrometer  calipers.  The  read- 
ings of  these  calipers  were  tested  by  comparison  at  20°  with  a 
series  of  standards  of  various  lengths  of  inches  and  fractions 
of  inches,  made  for  me  with  great  care  by  Mr.  George  M. 
Bond,  who  has  charge  of  the  gauge  department  of  the  Pratt, 
Whitney  Co.  In  reducing  the  comparisons  to  centimeters  I 
adopted  the  value  of  the  inch  as  equal  to  25*4  millimeters. 
In  obtaining  the  length  of  a  bar,  the  mean  of  several  measures 
in  the  axis  of  the  bar  and  in  directions  parallel  to  the  axis  and 
at  various  distances  from  it  was  adopted.  The  thickness  of  a 
bar  was  taken  as  the  mean  of  measures  taken  throughout  the 
length  of  the  bar  at  points  designated  by  the  intersections  of 
lines  drawn  parallel  and  at  right  angles  to  the  axis  of  the  bar. 

The  dimensions  of  the  bars  were  measured  at  20°,  except 
those  of  steels  Nos.  3,  4,  5,  which  were  measui*ed  at  18°*25. 

Determinations  of  the  Coefficients  of  Expansion  of  the  Bars, 

To  determine  the  coefficients  of  expansion  of  the  bars  I 
devised  the  apparatus  shown  in  fig.  2.  In  a  brass  tube,  T,  the 
bar,  B,  rests  in  slots  in  the  supports,  S,  S'.  The  tube,  T,  is 
slightly  shorter  than  the  bar,  6.  Washers  of  rubber  (shown 
in  black  in  the  tignre),  of  the  same  diameter  as  the  outside 
diameter  of  the  tube,  are  placed  in  the  screw-caps,  C,  C 
These  washers  are  perforated  with  holes  of  diameters  smaller 
than  the  thickness  of  the  bar.     When  the  caps  are  screwed  up 
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the  rubber  waBhers  presB  agaicBt  the  ends  of  the  bar.     This 

Eresenre  is  further  iocreasea  by  flat  rings  which  surronnd  the 
olee  in  the  washers  and  are  pressed  against  these  washers  by 
means  of  the  springs,  D,  D'.  By  this  arrangement  the  sar- 
faces  of  the  ends  of  the  bars  are  exposed,  white  the  contact  of 
the  washers  on  the  bars  makes  a  water  and  steam  tight  joint. 


Thns  the  bar  may  be  snrronnded  witli  ice,  or,  with  steam,  or, 
with  a  cnrrent  of  water  of  different  temperatures,  and  be 
cooled  or  heated  up  to  its  terminal  planes,  while  the  holes  in 
the  washers  allow  the  micrometer  screws,  M,  M',  to  be  brought 
it  contact  with  the  terminal  planes  of  the  bar.  Two  helical 
springs  are  attached  to  the  column,  A.  The  other  ends  of 
tW  springs  are  fastened  to  rods  projecting  from  the  tube,  T. 
TtuB  the  same  pressure  of  contact  is  always  made  between  the 
har  and  the  end  of  the  micrometer  screw,  M.  The  tube,  T,  is 
supported  in  Vs,  V,  V,  and  the  greater  part  of  the  weight 
J^  the  tube  is  taken  off  the  Vs  by  helical  springs  fastened  to  a 
^me  above  the  apparatus.  The  tension  of  these  springs  can 
t*  BO  regulated  that  the  tube  rests  on  the  Vs  with  the  same 
p^eggnre  when  the  tube  has  steam  passing  through  it  or  when 
I'  IB  filled  with  ice.  The  colnmD,  A,  and  the  Vs,  V,  V,  are 
iDsnlated  from  the  base  of  the  apparatus  by  thin  plates  of 
ebonite,  e.  Between  the  bindiug  screws,  E  and  E',  and  con- 
nected by  wires,  are  the  voltaic  cell,  F,  the  galvanometer,  G, 
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and  a  box  of  resistance  coils,  R.  The  micrometer-screw,  H', 
with  which  the  variations  in  length  of  a  bar  are  measared,  is 
mounted  as  follows :  The  screw  passes  through  its  nut  in  a 
massive  brass  plate  which  rotates  aroand  nicely  fitted  centers 
at  H.  These  centers  are  supported  by  two  side  plates  not 
shown  in  the  figure.  A  sprmg,  K,  is  fastened  to  the  lower 
part  of  the  swinging  nut-plate  and  brings  this  plate  against  the 
plate,  L,  firmly  fastened  to  the  base  of  the  apparatus.  When 
the  swinging  plate  is  vertical  and  the  axis  oi  the  screw  hori- 
zontal the  swmging  plate  fits  accurately  the  surface  of  the 
fixed  plate,  L.  By  turning  the  rod,  N,  the  swinging  plate  and 
its  screw  can  be  rotated  away  from  the  bar.  This  arrangement 
allows  the  screw  to  be  swung  out  of  the  way  while  the  tube,  T, 
is  being  placed  in  the  Vs.  Also,  it  prevents  any  strain  between 
the  micrometer-screw,  M',  and  the  column,  A ;  which  would 
take  place  if  M'  were  fixed  and  it  should  be  brought  in  con- 
tact with  a  hot  bar  in  the  tube,  T. 

With  careful  manipulation  successive  electric-contacts  can  be 
made  on  a  bar  in  the  tube,  T,  surrounded  by  ice,  so  that  the 
variations  in  a  series  of  measures  will  not  exceed  -^  mm., 
with  a  resistance  of  about  200  ohms  placed  in  the  circuit. 

It  may  be  reasonably  objected  to  this  apparatus  that  when 
the  micrometer-screw  touches  the  bar  at  0°  it  is  cooled  and 
shortened,  and  that  when  it  touches  the  bar  at  100**,  or  at 
temperatures  higher  than  that  of  the  screw,  the  latter  is  heated 
and  elongated.  This  error,  however,  is  quite  small,  and  may 
be  neglected  in  our  work.  If  we  assume  that  one  centimeter 
of  the  screw  is  heated  10°,  which  is  a  large  estimate,  consid- 
ering the  duration  of  contact  of  screw  and  bar  during  a 
measure,  the  shortening  or  elongation  of  1  cm.  of  the  screw 
by  cooling  or  heating  it  10°  amounts  to  only  "0012  mm.,  or 
tt?Vft  01  the  length  of  the  bar.  This  change  in  the  length 
of  the  Kcrew  will  affect  the  coefficient  of  expansion  of  the  bars 
only  -00000006. 

Determination  of  the  Densities  of  the  Bars  at  4°. 

The  bar,  whose  density  was  to  be  determined,  was  immersed 
in  water  at  4°  for  a  couple  of  hours.  The  bar  was  then  sus- 
pended by  a  platinum  wire  in  water  at  4°  and  weighed.  The 
bar  was  then  removed  from  the  wire  and  a  quantity  of  water 
equal  in  volume  to  the  volume  of  the  bar  was  added  to  the 
water  in  the  vessel,  and  the  platinum  wire,  now  immersed  ex- 
actly as  it  was  when  the  bar  was  attached  to  it,  was  weighed. 
This  weight,  subtnicted  from  the  previous  weighing,  gave  the 
weight  of  the  bar  in  water.  Every  precaution  was  taken  to 
prevent,  by   means  of   screens,  the   action  on  the  balance  of 
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the  carrents  of  cold  air  in  the  balance-case,  which  are  pro- 
daced  by  the  constant  descent  of  air  from  the  sides  of  the 
cool  vessel. 


27^  Apparatus  in  which  the  bars  were  heated  and  cooled.  On 
the  precautions  used  so  that  one  is  sure  of  having  the  real 
temperature  of  the  bar  when  it  is  vibrated. 

The  apparatus  used  to  heat  and  cool  the  bar  is  shown  in 
fig.  3.     In  a  brass  box,  C,  is  inclosed  a  box,  C^,  containing  the 

3. 


bar,  B,  supported  on  its  modes,  N,  N,  by  threads  held  by 
upright  rods.  From  this  central  box  two  tubes,  T,  P,  pass 
through  the  outer  box  C.  The  inner  box  is  made  water-tight 
and  steam-tight  by  a  rubber  washer  which  is  pressed  between 
the  top  of  the  box  and  its  cover  by  means  of  screws.  Through 
the  tuoe,  T,  the  bar  is  vibrated  by  letting  fall  upon  its  center 
a  rubber  ball  fastened  to  a  light  wooden  rod.  On  the  blow  of 
the  ball  it  rebounds  and  the  rod  is  caught  by  the  fingers  in  its 
upward  motion.     The  cork  is  then  at  once  replaced   in  the 
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tube,  T.  The  sound  from  the  bar  is  conveyed  to  the  ear,  at 
E,  by  means  of  a  tube  (fig.  4).  One  branch  of  this  bifurcated 
tube  leads  through  a  rubber  tube  to  the  pipe,  P,  of  the  box, 
fig.  3.     The  other  branch  leads  to  the  fork,  JF,  the  number  of 

4. 


whose  beat«  per  second  made  with  the  vibrating  bar  is  meas- 
ured by  a  chronometer.  The  pipe,  S,  allows  the  steam  to 
issue  when  water  is  boiled  in  the  box,  C^,  by  a  gas  lamp.  The 
flow  of  gas  through  this  lamp  was  neatly  regulated  by  a  stop- 
cock turned  by  a  long  lever.  The  box,  C,  is  covered,  except 
at  the  bottom,  with  thick  felt. 

To  determine  the  frequencies  of  vibration  of  a  bar  throngh 
a  range  of  temperature  from  0°  to  100°,  the  following  method 
was  used  :    The  box,  C,  was  filled   with    ice,  surrounding  the 
inner  box,  C^     It  thus  remained  for  an  hour  so  that  the  boxes 
were  cooled  down  to  0',  and  the  moisture  in  the  inner  box  has 
been  condensed  so  far  as  it  can  be  at  0°.     The  bar,  which  has 
been   in   ice  for  two  hours,  is  wiped  dry  and  quickly  intro- 
duced into  the  inner  box.    A  thermometer,  T  (made  by  Baudin 
and   corrected),  entered   the    boxes   through   stuflSng    boxes, 
and  whose   bulb  touched  the  under  surface  of  the  bar,  was 
read  till  it  became  stationary.     The  bar  was  now  vibrated  and 
its  frequency   of  vibration   determined  for   the   temperature 
given  by  the  thermometer. 

The  lamp  was  now  placed  under  the  box  and  the  water  in  it 
boiled  till  the  thermometer  reached  its  maximum  reading  and 
the  reading  remained  stationary  during  a  half-hour.  The 
vibration  frequency  at  this  temperature  was  taken.  The  flame 
of  the  lamp  was  now  lowered  and  the  box  allowed  to  cool  very 
slowly,  at  the  rate  of  1°  fall  of  temperature  in  about  eight  min- 
utes. When  the  thermometer  read  80°,  60°,  40°,  the  flame  of 
the  lamp  was  carefully  adjusted,  so  that  these  successive  tem- 


A.  M.  Mayer — liesearches  in  Acoustics. 


91 


peratnres  were  maintained  daring  15  minutes.  We  then  took 
the  frequency  of  vibration  of  the  bar. 

The  numbers  of  vibrations  of  the  forks  used  in  the  deter- 
minations of  the  pitches  of  the  bars  were  corrected  for  tem- 
perature by  the  coefficient  "0001118,  determined  by  Dr. 
Kcenig  in  1880  (Quelques  Experiences  d'Acoustiqne,  Paris, 
1882,  p.  172,  et  seq). 

The  subsequent  tables  show  the  results  of  the  experiments 
and  give  the  computations  of  velocities  and  moduli  founded  on 
them.  The  curves  express  graphicallv  the  effect  of  change  of 
temperature  on  the  modulus  of  elasticitv  of  all  the  bars 
experimented  on.  The  circles,  on  or  near  the  curves,  give  the 
data  as  determined  by  the  experiments. 

In  Table  III,  T= temperature  of  bars,  Z=the  length,  ^=the 
thickness,  and  V=the  velocity  of  sound  through  the  bars,  in 
centimeters.  M=the  modulus  in  grams  per  square  centi- 
meter section  of  the  bar.  jr,  at  Paris,  equals  980*96.  D=the 
density,  and  N=the  number  of  vibrations  of  bar  per  second 
at  temperature,  T. 

All  of  the  bars  were  annealed,  except  those  of  Jonas  and 
Colver  steel,  of  the  French  aluminum  and  of  brass ;  these 
Were  experimented  on  just  as  they  came  from  the  draw- 
bench. 

For  the  analyses  of  the  substances  of  the  bars  experimented 
on,  I  am  indebted  to  my  colleagues.  Professors  Stillman  and 
Leeds. 

Tablb  I. 


1 

2 
3 

L 


9. 

365 


20022 

200246 

200225 

200263 
20  0296 
200233 

2002 
2002 
2002 
23-516 

41-15 


V  at  20**  = 


•6025 
•5037 
'6022 


16002  X  3427-4  V.  s. 
=61417S«»« 


•4993     16006x3377  V.  8. 
•4991     =606719*'" 
•4998 


•60116 
•50147 
-60108 
•747 

•803 


160-05x2386  4  v.  8. 
=  358079«"»» 

1622  X  3682  v.  8. 
=63801 6«»« 
I7ll8x  8072-75  V.  8. 
=625993«»»» 


N  computed  by 
N=V  10279^ 


662^49  V.  d. 
663-91     " 
66207     '* 

648-51  " 
647^97  " 
649^80     " 


46023 
460-53 
460-16 
747  03 

266^38 


N  observed 
at  20*. 


Difl. 


660^8 
66 10 
660-3 

646-6 
6470 
6480 


i( 

4590 

+  1-23= 

jfr 

(t 

45895 

+  1-58= 

¥  IS 

k( 

458-36 

+  1-81  = 

(1 

749^75 

-2-72  = 

VfX 

(( 

2560 

+  0^38= 

^. 

Mean  departure  of  computed  from  observed  value  =t^  of  observed  value. 
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Table  n. 
Table  of  Analyses^  of  Densities  at  4*,  and  of  Ooeffieients  of 


of  Bars, 


IroD. 

Carbon  Silicon 

Phot. 

J.AC. 

Steel 

98-269 

1-286 

0-015 

0059 

No.  8 

ti 

98-738 

O^t 

016 

0022 

No.  4 

i( 

98*628 

0-51 

0158 

0024 

No.  6 

41 

95'n9 

0-27 

0101 

0031 

BM8*r. 

it 

9903 

0-15 

0-02 

0-09 

Bolph.  M«ng. 


Niekel' 


0-031  0*350 

'0-62 

....,0-68 
....0-69 
0*06  !0*66 


3189 


Density  @  4*,  7-827,  ooeft 
t-848, 
7-845. 
t.861, 
7-841, 


u 


t( 
t( 
t( 

CI 


u 
u 
u 
«l 


Brass, 

Copper 64.34 

Zinc 34  97 

Lead -58 

Iron -11 

Density 8-476 

Goef t.  expan -0000185 


BellMetaL 

Copper - 80-08 

Tin 18-97 

Lead IJ 

Zinc -49 

Density 8-347 

Coeft  expan. -0000187 


Aluminum  (Amer.). 
Aluminum .. 

.  98-99 

Free  Carbon  (graphite) 

Combined  Carbon 

-  -19 

-  -16 

Tin 

•21 

Silicon 

.       -32 

L-on -. 

.       -15 

Density 2-702 

Coeft.  expan -0000232 


Aluminum  {flench). 

Aluminum 97*80 

Carbon  with  Si -14 

"      free -04 

»•      with  Copper -09 

Copper 1*29 

Silicon -64 

Density 2-730 

Coeft  expan -000022 


Silver^  Pure, 


Density 

Coeft.  expan. 


10-512 
•0000184 


Zinc 


Zinc. 
Iron . 
Lead 


99-75 
•10 
-04 


Density 6-8107 

Coeft.  expan. -0000296 


St.  Gobain  Glass, 

Silicon   72-3 

Alumina -8 

Lime 15-3 

Soda 11-8 

Density 2-545 

Coeft.  expan 00000777  (Fizeau.) 
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Tablb  IIL 


T. 

I 

t. 

t 

D. 

N. 

V-   ^ 

U=^'^ 

1 

1 

m 

^-    ^  t 

IC. 

0-2 

P 

1*0279^5 

9 

Oolyer 

200207 

•5036 

•0012564 

7^828 

6620 

612602 

2097585540 

2097  X 10* 

teeL   20 

200246 

•5037 

0012562 

7823 

6610 

511908 

20898054861  2090  x 10* 

40 

20-0286 

•5038 

0012561 

7^818 

669*6 

510112 

20808638371  2081x10* 

61 

200328 

•5039 

•0012560 

7^814 

658*6 

609389 

2072936862 

2073  X 10* 

80 

200366 

•5040 

•0012554 

7809 

657*1 

508470 

2064153161 

2064x10* 

99-8 

20*0406 

•5041 

0012551 

7^804 

656*14 

607065 

2050537870 

2060  X 10* 

3. 

0 

20*3513 

•64049 

*0016464 

7*849 

820-38 

516124 

2131430318 

2131 X 10* 

18*25 

203568 

64063 

•0015460 

7^844 

818*91 

516329 

2123515662 

2123x10* 

34 

20-3594 

64074 

•0015457 

7*8395 

817*60 

514639 

2116797406 

2116x10* 

60 

20-3657 

•64094 

•0015453 

7832 

814*70 

512907 

2100383667 

2100x10* 

;8o 

20-3705 

•64109 

•0016449 

7*8265 

81240 

611686 

2088031273  2088x10* 

99-6 

20*3752 

64124 

0015446 

7*821 

810*00 

610176 

2075047288  2076x10* 

4. 

0 

20*3617 

*64295 

0015523 

7*846 

824-71 

516238 

2131556968  2136x10* 

18*25 

20*3562 

*64312 

•0015520 

7*841 

82271 

516708 

2125826869  2126x10* 

40 

20*3614 

*64328 

•0015517 

78345 

821-25 

614893 

2117356581.2117x10* 

51-5 

20  3643 

•64337 

0016514 

7*831 

819-67 

514002 

2109091886  2109x10* 

81 

20-3716 

-64360 

•0015508 

7^823 

816^30 

612088 

2091259462  2091x10* 

97*6 

20*3755 

•64373 

•0015506 

7*819 

814-00 

510746 

2079266951  2079x10* 

1 

5. 

0 

20-3513 

•64188 

0015498 

7*852 

813^29 

610627 

1 

2086250350  2086x10* 

1825 

20-3559 

-64202 

*0015494 

7-847 

811-84 

509757 

2078637463  2078x10* 

40 

20*3609| -64218 

*0015490 

7*841 

809-68 

608529 

2067052961  2067x10* 

|60 

20*3657-  -64233!  0015486 

7*835 

807*31 

507168 

2054430194  2054x10* 

80 

20-3706 

-64248 

•0015482 

7*829 

805*02 

505856 

•2042249532  2042x10* 

99-5 

203753 

-64264 

•0015479 

7*824 

802-71 

504506 

2030066264 

2030x10* 

Steel 

0-4 

20-451 

-60144 

•0014380 

7*8421 

761*37 

515093 

2121067163 

2121x10* 

!20 

20-456 

-60160 

•0014377 

7-8364 

76980 

614032 

2110783287  2111x10* 

ko 

20*461 

*60176 

*0014374 

78306 

15770 

512960 

2100440462  2100x10* 

60 

20*466 

•60190 

•00U370 

7-8248 

75541 

511409 

2086216940  2086x10* 

jso 

20*471 

60205 

•00U367 

7-8192 

75290 

509710 

2070893086 

2071x10* 

100 

20*476 

*60220 

•0014363 

7'8134 

749-90 

508026 

2056702283 

2056  X 10* 

;nbar  1° 

220128 

•5009 

•0012506 

8*4774 

460-64 

358337 

1109672142 

1109x10* 

oled  21*8 

220208 

•5011 

*0012501 

84677 

458-95 

357307 

1102010322:  1102x10* 

»9*-6  40 

22*0274 

-50126 

*0012497 

84592 

457-40 

356103 

J  093479654 

1093x10* 

60 

220348 

•50144 

•0012492 

8*4498 

46570 

365052 

1085864045 

1086x10* 

80 

22  0422 

•50162 

*00 12488 

8-4404 

45400 

353727 

1076578495 

1076x10* 

99-6 

22*0494 

•50180 

•0012483 

84312 

45230 

352678 

1069044150 

1069x10* 

ore  ;  0-4 

20*0127 

*5008 

•0012504 

8-4778 

46004 

357928 

1107191685 

1107x10* 

heat-  20 
>•  6. 

200208 

*6011 

•0012501 

8-4685 

458-35 

356698 

1098388907 

1098x10* 

L    i  0 

22*2402 

*82054 

*00 16589 

8-3490 

672-06 

336300 

956864118 

956*8  X  10* 

21 

22*2490 

•82114 

•0016688 

8*3390  569*50 

333806 

947214927  947  2x10* 

40 

2*2*2568 

•82168 

•0016687 

8*330266712 

332411 

938324839  9383  x  10* 

50 

22*2610 

•82196 

•0016687 

8-3256566*02 

331766 

934172231  9342x10* 

60 

22*2650 

•82224 

*0016596 

83208564  94 

331133 

930074364  930*1  x  10* 

74 

22-2780 

*82266 

•0016586 

83144  563*61 

330364 

924989117  925*0x10* 

99-76 

22*2818 

•82338 

•0016584 

8*3026 

561-21 

328946 

915914824 

915-9x10* 

94 
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Bar. 

T. 

I 

i. 

t 

1 

^'         N. 

t 

1 
M=  — 

0-4 

? 

■ 

10279= 
P 

'     511423 

'             8 

Ahiminum 

21-612 

•56176 

•0011813 

2-7027  62100 

1 

1  720fi21SS2 

(American). 

20 

21-622 

•55200 

•0011807 

26990  61810 

509032 

7ia9290» 

45 

21-6346 

'55232 

•0011800 

2-694H  613  90 

i     605993 

703X15278 

60 

21-6422 

-56260 

-0011796 

2-6915  611-60;     5(»4516 

698S901M 

82 

21-654     -55278 

•0011789 

2-6874 

607-88 

501447 

688868686 

99-6 

21-662     -65300 

-0011785 

2-6840 

604-71 

499247 

681974176 

Aluminum 

0-6 

20-0170 

•49914 

-0012457 

2-7306 

660-00 

507632 

717306561: 

(Fronsh). 

20 

200253,  -49930 

•0012451 

2-7270  646-60 

,     605375 

710002959; 

40 

200340,  -49950 

-0012445 

2-7232  642-78 

'     502388 

700671761< 

60-5 

20-0428  -49965 

•0012438 

2-7 194  639-19 

1     499977 

6939758S1 

81     ' 

20-0518-49980 

•0012430 

2  7156  636-50 

497477 

685124447^ 

100 

20  0600  -50000 

-0012425 

2-71-20  632-00 

494734 

6767O031t{4 

Silver. 

0-3 

17-2176'  -4614 

•0015664 

10-5142 

437-93 

1 

273736 

8031S53991 

20 

17-2250  -46168 

•0015567 

10-6022  437-35 

273489 

80076264SI! 
79872990M 

30       17-22841  -46168 

•0015554 

10  4962  436-80 

'     273201 

40 

17-2316  -46176 

-0015551 

10  4900|435-80 

272626 

79479768»^t 
7833079791 

60 

17-2380  -46194 

•0015645 

10-4778  433-00 

270979 

Zinc. 

0-3 

18-2094  -44517 

-0013426 

6-8130 

659  84 

405663 

11429S54M  1 

20 

18-2200  -44534 

•0013415 

6-8010  657-84 

404501 

11344283311 

40 

18-2308  -44652 

•0013406 

6-7890 

553-76 

401844 

1117596689  1 

50-5 

18-2364'  -44560 

•0013399 

6-7826  551-22 

'     400294 

1107903339^1 

62 

18-2426  -44570 

•0013390 

6-7753543-61 

394291 

107384379^1 

St.  Gobain 

0-3 

23-496     -74898 

•0013566 

2-5462, 750-66 

538313 

7518658SI1I 

Glass. 

24-5 

23501     -74902 

•0013562 

2-5436  74967 

537769 

74988543m' 
788511034^ 

40 

23-603  1  -74910 

-0013561 

25424i74912 

537403 

' 

60 

23-507     -74922 

•0013558 

2-641 1|74835 

536909 

74674263li7 
745196lll|l 

80 

23-510     -74934 

-0013557 

2-5397  747-62 

536497 

1 

99-5 

23-614  1 

-74945 

•0013551 

2-53841 

746-70 

535955 

743311215;1 

Table  IV. 

Variation  of  Modulus  of  Elasticity  with  change  of  TempenUure. 

In  this  table  the  modulus  of  each  substance  is  taken  as  100  at  0*.  In  compi 
ing  this  table  the  moduli  taken  were  those  obtained  from  the  curves  pasab 
through  the  mean  positions  of  the  points  determined  by  the  experiments.  13 
results  contained  in  this  table  are  expressed  graphically  in  fig.  5. 
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Hesults  obtained  by  other  Experimenters  on  the  change  of  the 
Modulus  of  Elasticity  with  change  of  Temperature, 

I  have  found  five  researches  on  this  subject.     I  here  give 
abstracts  of  results  from  these  papers. 

Wertheim,  1844.     Ann.  de  Chim.  et  de  Phys. 

Irok. 

Modulus    5'2  per  cent  greater  at  100°  than  at  18**. 
Modulus  19*1  percent  less  at  ^OO''  than  at  100°. 

Iron  Wire. 

Modulus  4-9    per  cent  greater  at  +  10°  than  at  --ll°-6. 
Modulus  7*42  per  cent  greater  at  100°  than  at  18°. 

Wire  of  English  Cast-stbel. 

Modulus  23*23  per  cent  greater  at  100°  than  at  18°. 

Modulus    9*46  per  cent  less  at  200°  than  at  100°. 

Modulus  at  200^  is  11*57  per  cent  higher  than  modulus  at  18°. 

Steel  wire  tempered  to  blue. 

Modulus  1*97  per  cent  higher  at  +  1C°  than  at  —10°. 
Modulus  5*1    per  cent  higher  at  100°  than  at  18°. 

Cast-steel. 

Modulus  2*8    per  cent  less  at  100°  than  at  18°. 
Modulus  5  73  per  cent  less  at  200°  than  at  100°. 

Silver. 

Modulus    5       per  cent  less  at  +  10°  than  at  — 18**8. 
Modulus    1*87  per  cent  greater  at  100°  than  at  18°. 
Modulus  12*87  per  cent  less  at  200°  than  at  100°. 

Copper. 

Mo<lu1us    6*53  per  cent  less  at  +  10°  than  at  —16°. 
Mmlulus    6*58  per  cent  less  at  100°  than  at  18°. 
Modulus  L>0*      per  cent  less  at  200°  than  at  100°. 

Wire  of  Berlin  brass  (Cu.  =  67o5  .  Zn.  =  32*35). 
Modulus  795  per  cent  less  at  -f-  ll""  than  at  —10°. 

Kuptior,  lS5i>.     MtMii.  de  TAcad.  de  St.  Petersh. 

Modulus  of  iron  wire  5 -5  per  cent  less  at  100°  than  at  0^ 
Modulus  of  copper  wire  8*2  per  cent  less  at  100°  than  at  0*. 
Modulus  of  brass  wire  3*9  per  ctnt  less  at  100°  than  at  0°. 
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thlraascb  and  Loomis,  1870.     Pogg.  Ann. 

Idodulas  of  iron  wire  5  per  cent  less  at  100°  than  at  0**. 
Vlodalus  of  copper  6  per  cent  less  at  100**  than  at  0°. 
Brass  6'2  per  cent  less  at  lOO"*  than  at  0^ 

Tomlinson,  1887.     Phil.  Mag. 

5ay8,  "  my  own  experiments  show  that  both  the  torsional  aqd 
gitudinal  elasticities  are  decreased  about  2\  per  cent  when  the 
aperature  of  steel  is  raised  from  0°  to  100"." 

C.  Noyes,  1895.     The  Physical  Review. 

Modulus  of  a  piano  wire  of  ^""^  diam.  5  per  cent  less  at  100° 
m  at  0°. 

The  results  of  Wertheiin's  experiments  giving  an  increase  to 
e  modulns,  as  the  temperature  rises,  of  iron,  iron  wire,  wire 
English  cast-steel,  steel  wire  drawn  to  blue  and  silver, 
ive  not  been  confirmed  in  any  instance  by  subsequent 
cperiinents;  only  for  cast  steel  rod  and  copper  did  be  obtain  a 
minution  of  modulus  for  a  rise  of  temperature  from  18°  to 
)0°.  Yet,  he  found  that  a  wire  of  English  cast-steel  bad  a 
odulus  23  per  cent  higher  at  100°  than  at  18°. 

On  the  Acoustical  Properties  of  Aluminum, 

The  low  density  (2*7)  of  aluminum  combined  with  a 
odulus  of  elasticity  of  only  712x  10*  renders  this  metal  easy 
•set  in  vibration;  a  transverse  blow  given  to  a  bar  of  this 
etal  causes  it  to  vibrate  with  an  amplitude  of  vibration 
'eater  than  that  which  the  same  energy  of  blow  would  have 
veil  to  a  similar  bar  of  steel  or  of  brass.  This  fact  has 
iven  rise  to  the  popular  opinion  that  aluminum  has  sonorous 
roperties  greatly  exceeding  tbose  of  any  other  metal.  This 
million  is  erroneous.  If  a  bar  of  aluminum  and  a  bar  of  brass 
avinij  the  same  length  and  breadth  and  giving  the  same 
)te,  are  struck  trans verselv  so  that  the  bars  have  the  same 
nplitude  of  vibration,  the  bars  give  equal  intensity  of  sounds; 
U  the  bar  of  aluminum  from  its  low  density  and  because  of 
^  internal  friction  will  vibrate  less  than  one-third  as  long  as 
'e  bar  of  brass.     Thus,  a  bar  of  aluminum  and  a  bar  of  brass 

•  the  same  length  and  width  and  of  such  thickness  that  they 
ive  the  same  note,  SOL^  of  768  v.  d.,  were  vibrated  so  that 
e  sounds  at  the  mouient  of  the  blows  were,  as  near  as  could 

*  judged,  of  the  same  intensity.     The  duration  of  the  sound 
the  brass  bar  lasted  100  seconds ;  the  sound  of  the  aluminum 

ir  lasted  30  seconds. 

The  readiness  with  which  a  bar  of  aluminum  vibrates  when 

ted  on  by  aerial   vibrations  of  the  same  frequency  as  those 
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given  by  the  bar,  gives  one  the  means  of  making  many  charm- 
ing experiments  in  which  "sympathetic  vibrations"  come  into 
play. 

I  here  describe  an  experiment  which  I  devised  to  show  the 
interference  of  sound  in  a  manner  similar  to  analogous  experi- 
ments in  the  case  of  light.  The  resonant  box  on  which 
Koenig  mounts  his  UT.  (1024  v.  d.)  fork  is  open  at  both  ends 
and  has  a  length  of  nearly  a  half  wave  of  the  sound  of  the 
fork.  If  this  resonant  box  is  held  with  its  axis  vertical,  above 
an  aluminum  bar  in  tune  with  the  vibrating  fork,  the  bar  does 
not  enter  into  sympathetic  vibration  with  the  fork,  because  the 
sonorous  pulses,  on  reaching  the  aluminum  bar  from  the  two 
openings  of  the  resonant  box,  differ  in  phase  by  one-half  wave- 
length. But  if  the  axis  of  the  box  is  held  parallel  to  the  axis 
of  the  bar,  then  the  sonorous  waves  reaching  tte  bar  have 
travelled  over  equal  lengths  from  the  openings  at  the  ends  of 
the  box,  and  these  waves  conspire  in  their  action  and  the 
aluminum  bar  enters  into  sympatlietic  vibration. 

As  this  experiment  is  an  interesting  one,  I  here  give  details 
as  to  the  manner  of  making  it.  The  bar  of  aluminum  has  a 
large  surface,  having  a  length  of  IT**"'  and  a  width  of 
5cmB  fjjg  |.^,Q  nodal  lines,  which  are  distant  from  the  ends 
of  the  bar  equal  to  Jths  of  its  length,  are  drawn  on  the  bar. 
The  bar  is  supported  under  these  nodal  lines  on  threads 
stretched  on  a  frame.  This  frame  is  of  such  a  height  that  the 
under  surface  of  the  aluminum  bar  is  8*4*^",  or  one-qnarter 
wave  length,  above  the  surface  of  the  table,  so  that  the  vibra- 
tions of  the  bar  and  those  of  the  waves  reflected  from  the  table 
will  act  together.    The  upper  surface  of  the  bar  is  covered  with  a 

Eiece  of  thick  cardboard,  in  which  is  cut  a  rectangular  aperture^ 
aving  for  length  the  distance  between  the  nodal  lines  and  a 
width  equal  to  that  of  the  bar.  As  this  piece  of  cardboard 
rest  on  supports  which  lift  it  a  slight  distance  above  the  snr- 
face  of  the  bar,  the  latter,  when  it  vibrates,  does  not  send  to 
the  ear  the  vibrations  of  the  surfaces  of  the  bar  included 
between  its  nodal  lines  and  its  ends,  and  which  vibrations 
are  opposed  in  phase  to  those  given  by  the  central  area 
of  the  bar.  Thus  the  sound  emitted  by  the  bar  is  much 
increased  and  the  experiment  rendered  more  delicate  and  im- 
proved in  every  way.  I  have  found  that  the  experiment 
succeeds   best  when   the  center  of    the  resonant  box  is  held 

about    SS""™*,   or,    7  —above  the  surface  of  the  aluminum  bar. 

This  experiment  works  best  in  the  open  air,  away  from  the 
action  of  sound-waves  reflected  from  the  walls  and  ceiling  of  a 
room. 
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The  fact  that  aluminum  gives,  from  a  comparatively  slight 
blow,  a  great  initial  vibration  and  that  its  vibrations  last  for  a 
short  time,  render  this  metal  peculiarly  well  suited  for  the 
construction  of  those  musical  instruments  formed  of  bars 
which  are  sounded  by  percussion  and  the  duration  of  whose 
souDds  is  not  desirable. 

I  had  hopes  that  the  aluminum  would  prove  to  be  a  good 
substance  out  of  which  to  make  plates  on  which  to  form  the 
iconstic  figures  of  Chladni.  Experiments  have  shown  that 
ilnminum  is  not  suited  to  this  purpose.  I  had  plates  of 
dnminum  carefully  cast,  with  2*''"*  of  thickness.  These 
plates  were  turned  down  on  the  face-plate  of  a  lathe  to  thick- 
nesses of  2""  and  3'8™°*.  Three  of  these  plates  were  quite  hom- 
ogeneous in  elasticity,  for  the  Chladni  figures  when  obtained  on 
them  were  symmetrical.  Yet  the  Chladni  figures  were  diflS- 
3alt  to  produce,  because  it  is  difficult  to  obtain  a  pure  tone 
from  an  aluminum  plate.  The  sound  is  generally  more  or  less 
3ompo8ite ;  therefore,  the  plate  in  its  vibration  tends  to  form 
two  or  more  figures  at  the  same  time,  and  the  consequence  is 
that  either  no  figure  is  formed  or  one  is  given  that  is  not 
sharply  defined.  One  square  plate  of  SO'S*^"**  on  the  side  and 
38*™  thick,  gave  quite  clearly  the  three  following  tones  :  UT, 
(1),  SOL,  (2),  and  SOL^  (3).  Corresponding  respectively  to 
the  Chladni  figures  of  (1)  two  lines  drawn  from  opposite 
points  of  the  center  of  sides  of  plate ;  (2)  figure  formed  of  the 
two  diagonals  drawn  from  the  corners  of  plate  ;  (3)  figure  sim- 
ilar to  (1)  but  with  corners  of  plate  cut  oflE  by  curved  lines. 
Fig.  4  corresponded  so  nearly  to  the  sound  of  SOL^  that  a 
vibrating  SOL^  fork  when  held  near  the  plate  set  the  latter 
into  vigorous  vibration. 

Another  difficulty  met  with  in  using  plates  of  aluminum  for 
Dhladni's  figures  is  that  sand,  even  wnen  entirely  free  of  salt 
ind  of  the  globular  grains  of  wind-blown  sand,  does  not  move 
freely  over  a  vibrating  surface  of  aluminum,  whether  this 
surface  has  been  polished  or  has  been  slightly  tarnished  and 
roughened  by  the  action  of  alkali. 

There  is  one  serious  objection  to  the  use  of  aluminum  in  the 
construction  of  musical  and  acoustical  instruments,  and  that  is 
:he  great  eflfect  that  the  change  of  temperature  has  upon  its 
elasticity.  If  a  bar  of  aluminum  and  a  bar  of  cast-steel  be 
:uned  at  a  certain  temperature  to  exact  unison,  a  change  from 
;hat  temperature  will  affect  the  frequency  of  vibration  of  the 
ilnminum  bar  2^  times  as  much  as  the  same  change  of  tem- 
>erature  will  affect  the  bar  of   cast-steel. 
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Art.  XII. — Oti  the  Impvohahility  of  Finding  Isolated  Shmk 
in  the  Open  Sea  by  Sailing  Over  the  Geographical  Positumi 
in  which  they  are  Charted  ;  by  G.  W.  Littlehales,  U.  S. 
Hydrograpliic  OflSce. 

Many  of  tlie  isolated  shoals  that  are  represented  on  nautical 
charts  of  the  oceans  have  been  located  from  the  reports  of 
mariners  who  have  discovered  them  incidentally  in  making 
voyages  of  commerce.  Previous  to  the  year  1860,  when  there 
was  no  exact  knowledge  of  the  depths  of  the  oceans,  the 
vague  reports  of  navigators,  often  doubtless  based  upon  the 
observation  of  floating  objects  and  of  misleading  appearanoes 
of  the  surface  of  the  sea,  caused  the  charting  of  many  dangers 
for  the  existence  of  which  there  is  no  substantial  foundation. 
But,  as  our  knowledge  of  bathymetry  increased,  the  existence 
of  many  of  them  was  disproved,  and  they  were  removed  from 
the  charts. 

As  a  result  of  these  experiences,  there  arose  a  traditional 
distrust  among  mariners  and  hydrographers  of  the  existence  of 
many  of  these  dangers  that  still  appear  on  the  charts  with  well 
founded  evidence,  and  there  is  perhaps  a  disposition  on  the 
part  of  many  to  claim  that  they  should  be  removed  upon  scant 
evidence  of  their  non-existence.  It  is  not  uncommon  for  a 
mariner  to  report  that,  being  in  the  vicinity  of  a  charted  rock 
or  shoal,  he  laid  his  course  so  as  to  pass  over  the  geographical 
position  assigned  to  it  with  one  hundred  fathoms  of  line  out 
or  with  lookouts  posted  aloft,  but  was  unable  to  detect  any 
evidence  of  its  existence,  and  that  he  does  not  believe,  there- 
fore, that  the  rock  or  shoal  exists.  It  seems  necessary,  there- 
fore, to  inquire  into  the  degree  of  confidence  that  can  be 
placed  in  such  a  piece  of  evidence  of  the  non-existence  of  a 
danger,  and  to  establish  what  probability  there  would  be  of 
finding  it  under  these  conditions. 

Suppose  that  A  discovers,  in  the  open  ocean,  a  shoal  r  miles 
in  radius,  and  determines  the  geographical  position  of  its 
center  subject  to  extreme  errors  of  in  miles  in  longitude  and 
n  miles  in  latitude ;  and  that  B,  who  is  able  to  establish  his 
geographical  position  within  the  same  limits  of  extreme  error 
as  A,  attempts  to  find  the  shoal  again  by  proceeding  to  the 
geographical  position  assigned  to  it  by  A.  What  is  the  proba- 
bility that  he  will  find  it  \ 

If  A,  after  making  the  discovery,  had  revisited  the  shoal  a 
great  nunii)er  of  times  and  had  deduced  the  latitude  and  lon^iji- 
tude  of  the  same  spot,  under  the  same  circumstances,  at  e^ich 
visit,  the  latitudes  would  all  differ  from  the  true  latitude  and, 
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36,  the  longitude  from  the  true  longitude.  If  we  call  the 
nces  between  the  true  latitude  and  each  deduced  latitude 
of  latitude  and  lay  them  oflf,  according  to  their  signs,  to 
jht  and  left  of  an  assumed  origin,  and  then,  correspond- 
each  error  as  an  abscissa,  erect  an  ordinate  of  a  length 
•tional  to  the  probability  of  that  error,  these  ordinates 
►scissas  will  be  the  coordinates  of  the  probability  curve, 
likewise,  if  the  errors  in  longitude  were  found  and 
\  in  conjunction  with  their  probabilities,  a  similar  carve 
be  developed, 
his  investigation  the  probability  curve,  ordinarily  repre- 

by  Laplace's  formula,  y  =  ce"^^^^  will  be  replaced  by 
pally  inclined  straight  lines  AB  and  AB'  as  shown  in 
1. 

1. 


I  substitution,  which  has  been  employed  by  Helie  in  his 
de  Balistique  Experimentale  and  referred  to  by  Wright 
work  on  the  Adjustment  of  Observations,  causes  an 
tiable  but  extremely  small  error  which  has  no  practical 
cance  when  we  consider  that,  from  the  nature  of  the 
itions  about  to  be  made,  absolute  precision  is  not  to  be 

probability  of  having  an  error  between  Oc  =  a?  (figure  1) 
f  J,r,  to  the  right  of  the  axis  OS,  is  equal  to  8 .  dx.     As, 

case,  OB  and  OB'  measure  the  extreme  errors,  all  pos- 
rrors  are  comprised  between  zero  and  OB,  and  zero  and 
and  the  sum  of  all  the  elements  which  are  singly  rep- 
ed  by  *.  dx^  or  the  area  of  the  triangle  ABB',  should  be 
to  unity,  which  is  the  measure  of  certainty.  The  equa- 
» the  straight  line  AB  will  be,  calling  m  the  extreme  error 
d  b  the  intercept  on  the  axis  of  S, 

8  X 

o      in 

ince  the  area  ABB'  =  6xm=lorJ  =  —  this  equation 

m  ^ 

es 
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X 

«m  H =  1 

m 

m—x 
or  «  =  — ^,— 

mr 

And  since  x  can  only  vary  between  zero  and  m,  the  proba- 
bility of  having  an  error  between  x  and  x+Jx 

p,  =  '^.dx  (1) 

The  causes  which  produce  the  grouping  of  a  number  of 
deduced  geographical  positions  around  the  true  one  are  of  two 
kinds ;  one  tenaing  to  place  the  deduced  latitude  to  the  north 
or  south  of  the  true  latitude,  and  the  other  tending  to  place 
the  deduced  longitude  to  the  east  or  west  of  the  true  longi- 
tude. So  that  a  particular  deduced  geographical  position  r 
will  be  the  result  of  having  an  error  OA  in  latitude  and  an 
error  OB  in  longitude. 

2. 

Y 


I 
I 
I 
I 


The  probability  that  the  geographical  position  deduced  by 
A,  upon  his  discovery  of  the  shoal,  occupies  a  certain  position 
with  reference  to  the  true  geographical  position  of  the  shoal  is. 
therefore,  easily  deduced.  Through  the  true  geoscraphicai 
position  of  the  shoal  let  two  rectangular  axes,  OX  and  Oi,  be 
passed  as  shown  in  figure  2.  Upon  the  former  conceive  errors 
m  longitude  to  be  measured,  and  upon  the  latter,  errors  in 
latitude.  The  position  P,  of  which  the  coordinates  are  x  and 
y,  results  from  the  concurrence  of  two  conditions,  the  error  of 
X  miles  in  longitude  and  the  error  of  y  miles  in  latitude.  The 
probability^,  of  the  error  x  is,  as  shown  by  equation  (1), 

m—x     - 

and,  in  the  same  manner,  the  probability  j9,  of  the  error  y  will  be 

P,  =  "^  dy  (2) 

In  these  formulas,  m  and  7i  represent  respectively  the 
extreme  errors  in  longitude  and  latitude  in  miles. 
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probability  p  of  having,  at  the  same  time,  the  error  x 
B  error  y,  or  of  deducing  the  geographical  position  P  as 
dtion  of  the  shoal,  will  be  the  product  p„  ^„  or 

p  =  ^^ ^  a  a— ^^  dx .  dy  (3) 

m  n  ^  ' 

ation  in  which  x  can  vary  from  zero  to  m,  and  y  from 

n.     It  is,  therefore,  applicable  to  the  first  right  angle 

axes  OX  and  OY,  but,  in  order  to  make  it  applicable  to 

piadrants,  it  is  only  necessary  to  change  the  signs  of  x 

ation  3  then  expresses  the  probability  that  A's  determi- 
of  the  geographical  position  of  the  shoal  is  in  error  by 

$  in  longitude  and  y  miles  in  latitude. 

ie  center  of  the  shoal  were  really  located  in  the  geo- 

3al  position  assigned  to  it  by  A,  and  B  should  succeed  in 

^  within  r  miles  of  it,  he  would  find  the  shoal  since  its 

is  r  miles. 

have,  therefore,  as  the  second  step  in  the  solution  of  the 

u,  to  determine  what  is  the  probability  that  B  will  come 
a  circular  area,  r  miles  in  radius,  having  its  center  any- 

within  the  rectangle  described  about  the  true  position 
shoal  with  sides  equal  to  the  extreme  errors  to  which 

terminations  of  latitude  and  longitude  by  A  and  B  are 

ind  the  probability,  P,  of  coming  within  any  portion  of 
tangle  of  extreme  errors  incloseaby  a  curve  whose  equa- 
y  =/*(«),  it  is  suiBcient  to  integrate  the  expression  (3) 
n  limits  depending  only  upon  y  =/*(»?),  and  we  shall 
n  the  first  right  angle, 

^  =  i^^S^f^'^''''^  ^''"2/)  dy  (4) 

circular  area  of  radius  r,  we  shall  have  for  the  first 
nt, 

•  the  whole  circle. 


mn    (2       3m      3n      4mn   )  ^  ' 

probability  that  B  will  find  the  shoal  depends  upon  the 
rence  of   two  independent  conditions   whose  separate 


2r' 
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probabilities  are  represented  by  eqaations  (3)  and  (5)  respec- 
tively, and  is,  thererore,  equal  to  P .  /?,  or 

(2       37n      3;i        47/m  f  Tn'n*  '       '    ^        ^  ^ 

Integrating  the  two  expressions  which  make  up  equation  (3) 
between  the  limits  x  ana  x-\-Jx  and  y  and  y+Jy^  respectively, 
the  above  expression  becomes  : 

2r'   i  7t       2r      2r         r*     i  Ja;/        2x  + Ja;\  Jy/         2y-f  Jy\ 
TWTi  t  2       3m      371      4m;i  f   7?i  \  2m     /  n\  2n      / 

which,  for  r  =  1  mile,  x  =  2  miles,  y  =  2  miles,  tti  =  10  miles, 
n  =  10  miles,  and  Jn  and  Jy  each  equal  to  1  mile,  becomes 
■j-j^.  That  is,  under  the  conditions  stated,  B  would  stand  one 
chance  in  6173  of  finding  the  shoal. 


Art.  XIII. — Notes  on  Sperrylite  ;  by  T.  K  Walker. 

The  interesting  mineral  sperrylite  was  first  described  by 
Professors  Penfield  and  Wells  in  1889.*  Being  a  diarsenide 
of  platinum  and  crystallizing  in  pyritohedral  forms,  it  serves 
to  link  the  platinum  group  of  metals  with  the  iron  group,  since 
in  the  latter  group  diarsenides  and  disulphides  commonly  crys- 
tallize in  pyritohedral  forms.  In  June,  1893,  the  writer 
obtained  permission  from  Mr.  H.  P.  Mcintosh,  secretary  of 
the  Canadian  Copper  Company,  to  visit  the  Vermillion  mine 
in  Algoma,  Ontario,  and  to  obtain  specimens  of  sperrylite  and 
associated  minerals.  The  notes  here  submitted  are  derived 
from  an  examination  of  the  material  collected. 

Professor  Penfield  described  four  crystal  forms  on  sperrylite, 
(111),  (001),  (110)  and  >t{210),  but  he  also  adds :  "Some  crys- 
tals appear  to  be  somewhat  rounded  by  other  faces,  but  none 
of  the  latter  could  be  determined."t 

Some  of  the  larger  and  more  promising  crystals  were  exam- 
ined under  the  microscope.  The  common  forms  observed  were 
(111)  and  (001),  generally  in  combinations  in  which  the  former 
usually  predoininates.  The  form  (110)  was  not  recognized 
on  any  of  tlie  crystals  examined.  ;r(210)  could  be  seen  on 
most  of  the  larger  crystals,  though  the  faces  were  generally 
small.  Another  form  was  ol)served  which  replaces  the  angles 
formed  by  (111),  (001),  and  ;:(210).  The  edges  formed  by  the 
intersection  of  these  new  faces  with  ;r(210)  are  parallel,  and 
hence  the  new  form  belongs  to  the  same  zone  as  ;r(210).     The 

♦This  Journal,  xxxvii,  67,  71,  1889;  Zeitschr.  f.  Kryst.,  X7,  285  and  290. 
\  Zeitschr.  f.  Krjst,,  xv,  291. 
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dges  formed  by  the  interHection  of  the  cubic  faces  with  the 
•ctahedral  faces  and  with  the  new  faces,  form  on  the  cubic 
aces  plane  angles  which  gave  the  following  measurements : 

156**  35'  166°   16' 

165°  55'  156°  20' 

156°   10'  156°  50' 

Average  measurement,  166°  9'. 
Calculated  for  ;r(10-5-2)  166°  49'. 

The  calculated  symbol  for  these  new  faces  agrees  very  closely 
nth  the  di-dodecahedron  ;r(10*5'2),  which  has  not  been  previ- 
ously determined  for  sperrylite;  ;r(ll'5*2)  occurs  on  pyrite  and 
B  very  close  to  the  faces  here  described.  There  are  still 
>ther  faces  present  on  some  of  the  crystals,  but  they  are  too 
mall  to  be  determined  on  the  present  material. 

Small  crystals  are  frequently  observed,  half-imbedded  in 
he  cubic  faces  of  the  larger  ones.  These  guest  crystals 
ippear  to  possess  the  same  orientation  as  the  host,  and 
generally  show  combinations  of  (001)  and  (ill).  The  hemi- 
ledral  faces  may  occur  on  the  smaller  individuals,  but  could 
lot  be  determined.  In  intergrowths  of  pyrite,  the  pyritohe- 
Iral  faces  are  so  disposed  that  the  whole  is  regarded  as  inter- 
)enetration  twins  with  the  twinning  axis  normal  to  (110).  This 
8  well  seen  in  the  so-called  "  iron  cross."  That  the  crystals  of 
iperrylite  follow  the  same  law  of  twinning  is  highly  probable, 
)Ut  we  cannot  regard  it  as  proved  from  the  present  observa- 
ions.  The  detection  of  pyritohedra  or  di-dodecahedra  on  the 
^est  crystals  and  the  determination  of  their  position  with 
■egard  to  that  of  the  corresponding  faces  on  the  larger  crystal, 
urould  settle  the  question  beyond  dispute. 

Sperrylite  occurs  in  loose  decomposition  products  of  chalco- 
)yrite,  pyrrhotite  and  other  iron-nickel  sulphides.  The  cou- 
tentrates  obtained  by  "panning"  consisted  principally  of 
grains  of  chalcopyrite  and  pyrrhotite  along  with  crystals  of 
nagnetite,  sperrylite,  and  cassiterite.  The  chalcopyrite  grains 
bowed  on  closer  examination  that  they  frequently  contain 
crystals  of  sperrylite.  The  fragments  of  pyrrhotite  were  care- 
'ully  examined,  but  in  no  case  could  crystals  of  sperrylite  be 
observed  on  them.  The  chalcopyrite  is  therefore  the  original 
lost  of  the  sperrylite.  In  this  connection  it  may  be  men- 
ioned  that  in  all  the  copper-nickel  mines  of  the  Sudbury  dis- 
rict,  traces  of  the  metals  of  the  platinum  group  are  found, 
nd  also  that  nickel  matte  from  mines  low  in  copper  contains 
^ery  little  nickel,  while  mines  richer  in  copper  anord  a  matte 
>roportionally  richer  in  platinum.  In  short,  the  platinum  con- 
ents  of  nickel  matte  in  the  Sudbury  district  is  directly  pro- 
portional to  the  copper  contents,  viz :  proportional  to  the 
mount  of  copper  pyrites  in  the  original  ore.     This  fact,  taken 


112  T.  L.  Walker — Not£8  on  Sperrylite. 

in  connection  with  the  detection  of  sperrylite  in  fragment  of 
chalcopyrite,  while  a  careful  search  did  not  reveal  it  in  the 
pyrrhotite  fragments,  renders  it  very  probable  that  the  plati- 
num found  in  the  Sudbury  district,  in  the  copper-nickel  mines, 
in  general  occurs  as  sperrylite  and  that  this  mineral  occurs 
generally  if  not  exclusively  in  chalcopyrite.  It  should  be 
mentioned  here,  however,  that  according  to  some  analyses,* 

Eolydymite,  which  occurs  very  sparingly  in  some  of  the  Sud- 
ury  mines,  contains  from  0*006  per  cent  to  0*024:  per  cent 
platinum.  Sperrylite  dissolves  slowly  in  strong  hot  hydro- 
chloric acid,  more  readily  in  aqua  regia,  while  in  nitric,  sul- 
phuric and  hydrofluoric  acids  it  is  practically  insoluble. 

An  analysis  of  Manh6e  matte  from  Murray  mines  gave  the 
following  results : 

Nickel  (with  trace  cobalt) 43-82^ 

Copper 25*92 

Iron 2*94 

Sulphur 22*50 

Gold *000075 

Silver    -001776 

Platinum '000430 

Iridium '000056 

Osmium '000057 

Rhodium small  quantity 

Palladium small  quantity 

Total 100*182393^^ 

In  this  as  in  similar  analyses  made  by  others  the  presence  of 
iridium  and  osmium  is  noted.  In  Professor  Wells's  analysesf 
of  sperrylite  these  metals  are  not  detected,  though  he  was  at 
special  pains  in  searching  for  iridium.  Baron  H.  B.  von 
FouUonJ  concludes,  from  the  presence  of  these  metals  in  the 
Sudbury  ores,  that  there  is  another  mineral  present  which  con- 
tains the  iridium.  This  is  possible,  but  more  probably  in  some 
cases  part  of  the  platinum  in  sperrylite  is  replaced  by  the 
elements  iridium  and  osmium.  This  would  not  appear  to  be 
the  case,  however,  in  the  Vermillion  mine-sperrylite  as  shown 
by  Professor  Wells's  analyses. 

The  above  observations  were  carried  on  in  the  laboratories  of 
the  School  of  Mines  at  Kingston,  Ontario,  and  at  the  Mineral 
Institute  at  Leipzig.  For  advice  and  assistance  lam  especially 
indebted  to  Dr.  W.  L.  Goodwin  and  Professor  Nicol  of 
Kingston  and  also  to  llerrn  Geheimrath  Professor  Zirkel  of 
Leipzig. 

Leipzig,  Saxony,  November,  1895. 

♦  Bull.  U.  S.  Oeol.  Survey,  No.  64,  p.  21. 

f  This  Jounial,  1889. 

i  Jahrb.  d  k.  k.  geol.  Reichsanstalt,  1892,  p.  301. 
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A.RT.  XIV. — Note  on  the  Oladation  of  Pocono  Knob  and 
Mounts  Ararat  and  Stigar  Loaf^  Pennsylvania  ^  by 
Henry  B.  KOmmel,  Ph.D. 

[Published  by  permission  of  the  State  Geologist  of  New  Jersey.] 

During  the  past  field-season  an  opportunity  was  given  me, 
in  connection  with  my  work  on  the  fflacial  deposits  of  Northern 
N'ew  Jersey,  to  visit  Pocono  Knob,  Monroe  County,  and  Mounts 
Ararat  and  Sugar  Loaf,  Wayne  County,  Pennsylvania.  The 
Pennsylvania  State  geologists*  have  held  that  during  the  gla- 
cial period  these  peaks  were  nunataks. 

Pocono  Knob  is  an  outlier  of  Pocono  Plateau,  situated  about 
nine  miles  northwest  of  Stroudsburg.  The  terminal  moraine 
is  well  developed  on  its  north  and  south  flanks,  about  two-thirds 
of  the  way  up  the  slope.  Since  this  knob  was  examined  by 
Lewis  and  Wright,  a  wagon  road  has  been  constructed  up  the 
northwest  side  and  along  the  top  of  the  hill  for  more  than  half 
a  mile.  This  road  affords  almost  continuous  exposures  to  a 
depth  of  from  one  to  three  feet,  along  the  top  ot  the  knob. 
Here  was  found  a  considerable  variety  of  material,  chiefly  shales 
and  sandstones  of  diflferent  color,  texture,  and  lithological  con- 
stitution, with  some  coarse  conglomerate.  Not  a  few  of  these 
had  been  worn  to  subangular  form  with  more  or  less  well 
marked  planation  surfaces.  Fragments  bearing  striae,  of 
whose  origin  there  can  be  no  doubt,  are  not  abundant,  but  ten 
or  twelve  cobbles  were  found,  which  bore  unmistakable  glacial 
scratches.  Some  of  these  occurred  not  more  than  thirty  feet 
below  the  summit.  The  evidence  is  conclusive  that  the  ice 
covered  the  western  part  of  the  hill  to  within  at  least  thirty 
feet  of  the  highest  point.  That  it  also  covered  the  crest  is 
very  probable. 

When  one  leaves  the  road  and  examines  the  weathered 
material  on  the  surface,  hidden,  as  it  is,  by  vegetation,  it  is 
next  to  impossible  to  convince  oneself,  that  there  is  any  glacial 
debris  on  the  knob,  .and  during  the  earlier  part  of  my  investi- 
gation, before  I  had  examined  the  exposures  along  the  road,  I 
held  the  same  opinion  as  those  who  had  earlier  studied  the 
ground. 

On  the  highest  point  of  the  hill,  the  surface  is  strewn  with 
large  bowlders  of  aisintegration,  and  the  ledges  show  no  signs 
of  glacial  action.  No  evidence  of  glaciation  could  be  found  on 
that  part  of  the  hill  which  lies  east  of  the  summit,  where  there 
are  no  exposures,  but  in  view  of  what  was  found  along  the 
road,  where  the  opportunity  for  observation  is  good,  there  can 

♦  Lewis,  Second  GtooloRical  Survey  of  Pennsylvania,  Terminal  Moraine,  Z,  pp . 
75,  271.    White,  idem.,  Sosquebanna  and  Wayne,  G5,  pp.  25,  159. 

Am.  Joub.  Sol— PoiniTH  Series,  Vol.  I,  No.  2.— February,  1896. 
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hardly  be  any  doubt  but  that  the  whole  knob  was  covered  by 
the  ice.    The  amount  of  material  left  by  it  was,  however,  small. 

North  of  Dry  Gap,  as  the  col  connecting  the  knob  with  the 
plateau  is  called,  the  characteristic  topography  of  the  terminal 
moraine  is  strongly  developed.  Fresli  cuts  along  the  recently 
constructed  line  of  the  Wilkesbarre  and  Eastern  railroad  give 
fine  exposures  of  the  glacial  deposits.  Since  the  data  now  at 
hand  prove  that  the  ice  covered  the  knob,  the  connection 
between  these  two  parts  of  the  moraine  is  probably  through 
Dry  Gap,*  but  the  typical  morainic  topography  is  not  developed 
at  that  point. 

Sugar  Loaf  and  Ararat,  in  the  northwestern  part  of  the  State, 
are  2475  and  2650  feet  high,f  respectively,  and  rise  about  500  and 
700  feet  above  the  general  level  of  the  surrounding  plateau. 
Both  are  thickly  covered  with  underbrush  and  timber, 
and  exposures  are  almost  entirely  wanting.  On  the  north 
face  of  Sugar  Loaf,  glacial  material  was  found  along  an 
old  wood  road,  two  thirds  of  the  way  up  (as  far  as  the  road 
extended).  Above  that  height  nothing  definite  could  be  made 
out  for  lack  of  exposures.  The  surface,  however,  was  not 
radically  unlike  that  of  the  lower  part  of  the  hill.  The  few 
rock  ledges  which  occur  do  not  bear  strias,  nor  have  they  roche 
moutonn^e  surfaces.  However,  ledges  of  sandstone  so  exposed 
to  the  weather  could  hardly  be  expected  long  to  retain  glacial 
markings. 

On  Ararat  the  facts  are  much  the  same.  From  want  of 
opportunity  for  critical  examination  I  was  unable  to  prove  that 
the  ice  covered  the  highest  points,  nor  was  I  able  to  satisfy 
myself  that  it  did  not. 

Although  in  the  present  state  of  things,  it  is  impossible  to 
obtain  conclusive  data,  there  are  certain  considerations  which 
indicate  that  the  excepted  view  is  probably  not  the  correct 
one.  At  the  Delaware  Water  Gap,  the  ice  filled  the  gorge  and 
overrode,  with  very  little  deflection,  the  crest  of  Kittatinny 
mountain,  which  rises  1300  feet  above  the  river  and  600  to 
700  feet  above  the  general  level  of  Kittatinny  valley.  If  the 
ice  was  of  sufficient  thickness  to  accomplish  this  at  points  less 
than  seven  miles  from  its  margin,  it  seems  improbable  that  the 
ice-sheet  was  not  thick  enough  to  override  hills  such  as  Ararat 
and  Sugar  Loaf,  which  rise  less  than  700  feet  above  the  sur- 
rounding plateau,  and  which  are  seventy  miles  north  of  the 
margin  of  the  ice.  There  can  be  no  doubt  but  that,  were  the 
crests  of  these  hills  cleared  and  excavations  made,  traces  of 
glacial  drift  would  be  found  here  as  at  Pocono  Knob. 

Geological  Survey  of  New  Jersey, 
Trenton,  N.  J. 

*  This  was  suggested  by  Lewis  in  a  supplementary  note  to  his  report  (1-  c-i  P- 
271),  although  in  the  report  he  had  mapped  the  moraine  as  extending  around  the 
eastern  end  of  the  knob. 

t  White,  I.  c,  p.  17. 
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.RT.  XV. — The  Counter-twisted  Curl  Aneroid  :*    by  Carl 
Babus,  Hazard  Professor  of  Physics  at  Brown  University. 

Introductory. 

1. — It  seeras  plausible  to  argue  that  much  goes  on  in  the 
bmosphere  immediately  related  to  pressure  which  the  ordinary 
neumatic  barometer  merely  integrates,  and  of  which  it  can  give 

0  detailed  account.  I  refer  both  to  the  changes  referable  to 
le  gusty  character  of  the  wind  f  and  to  pressure  variations  of  a 
lore  subtle  nature,:]:  the  origin  of  which  may  be  considered  in 
jlation  to  the  earth's  magnetic  and  electrical  field. 

2. — The  problems,  therefore,  are  beyond  the  immediate 
5ope  of  instruments  of  large  mass  like  the  ordinary  mercury 
r  water  barometers.  The  conditions  to  be  fulfilled  are  (i) 
reat  sensitiveness  and  (2)  instantaneous  indications  ;  (3)  regis- 
•y  subject  to  corrections  of  a  purely  scientific  kind.  It  is 
hen  these  three  conditions  are  simultaneously  demanded  that 
le  problem  becomes  formidably  difficult.  No  matter  what 
)rm  of  mechanism  is  selected,  one  is  brought  face  to  face  at 
nee  with  viscosity  and  with  the  thermal  variations  of  both  vis- 
y&\ty  and  of  elasticity. 

I  desire  in  this  paper  to  find  out  how  far  one  can  go  with 
litable  modifications  of  the  Bourdon  tube.  In  certain  meas- 
rements§  of  high  pressure  made  with  such  a  tube  coiled  heli- 
illy  I  received  much  encouragement,  inasmuch  as  the  instru- 
lent  could  be  read  oflE  closely  enough,  without  the  aid  of 
ibsidiary  mechanism.  The  difficulties  which  I  then  encoun- 
jred  were  purely  technical.  In  flattening  and  coiling  the 
ecessarily  heavy  tube,  I  had  to  remove  the  temper  at  a  sacrifice 
f  strength  and  resilience,  and  the  gauge  actually  burst  at  1000 
tmospheres.     I  abandoned  it  simply  because  of  the  difficulty 

1  fashioning  this  cumbersome  apparatus  in  the  laboratory. 

In  relation  to  low  pressures,  however,  all  of  these  difficulties 
ill  away  at  once,  and  it  becomes  merely  a  question  of  patience 
)  find  the  limit  of  constancy  and  precision  to  which  a  gauge 
f  this  kind  can  be  pushed. 
I  The  conditions  of  sensitiveness  were  discussed  not  long  ago 

*  The  present  research  was  encouraged  by  a  fund  kindly  placed  at  my  disposal 

7  the  Secretary  of  the  Smithsonian  Institution. 

f  Cf.  S.  P.  Langley:  *'The  Internal  Work  of  the  Wind,"  Smithsonian  contribu- 

>n8,  No.  884,  1893,  Washington,  D.  C. 

X  Considerations  of  this  kind  originated,  I  believe,  with  the  late  Prof.  Balfour 

ewart.     Recently  the  subject  has  been  attacked  more  seriously,  notably  by 

rof.  F.  H.  Bigelow. 

§Baru8:    Bulletin  U.  S.  Geological  Survey,  No.  96,  p.  29,  1892.    Cf.  Proc. 

merican  Acad.,  xxv,  p.  106,  1890. 
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by  Prof.  Worthington,*  and  in  a  more  elaborate  article  by 
Prof.  Greenhill.f  There  is  not  much  succor  to  be  gained 
from  theory.  The  most  lucid  expression  of  the  case  is  due  to 
Lord  Eayleigh.:}:  His  explanation  meets  the  conditions  of  the 
present  paper  very  fully,  since  the  gauges  are  to  be  constructed 
with  sharp  edges  and  a  spindle-shaped  section,  in  order  that  the 
changes  of  shape  occurring  may  be  pure  bending.  §  8.  Stretch- 
ing would  necessarily  introduce  resistances  large  as  compared 
with  the  feeble  forces  to  be  measured.  Since  in  the  flexure  of 
an  inextensible  surface,  the  product  of  the  principle  radii  of 
curvature  at  a  point  of  the  surface  remains  constant  (Gauss), 
any  uniform  sectional  flattening  of  the  walls  of  the  tube  due 
to  increased  external  pressure  must  be  compensated  by  an 
increased  curvature  of  tlie  axis  ;  and  vice  versa. 

If  the  edges  are  sharp,  there  seems  to  be  no  advantage  in 
increasing  the  height  oi  the  section,  for  the  elastic  resistances 
increase  at  the  same  time  as  the  external  pressure.  There  is, 
on  the  other  hand,  a  disadvantage  in  wide  tubes,  for  the  length 
of  the  helix  is  thereby  necessarily  increased  and  the  curl  made 
more  cumbersome,  while  the  shape  of  the  section  cannot  long 
remain  regularly  and  uniformly  arched. 

Simple  curls. 

3.  Apparatus, — There  is,  therefore,  a  demand  for  extremely 
thin  metallic  tubes,  flattened  nearly  to  the  point  of  actual  con- 
tiguity of  the  walls  and  left  with  almost  snarp  edges.  Tubes 
made  of  metal  as  thin-walled  as  0*01"°  are  manufactured 
abroad  ;§  but  American  makers  usually  fall  short  of  this 
remarkable  accomplishment.  I  found,  however,  that  it  was 
quite  possible  to  derive  full  advantage  from  the  American 
tubes  by  dissolving  o9^  the  outside  layers  in  a  suitable  acid 
bath. 

The  tube  at  ray  disposal  was  made  of  copper,  being  like  the 
material  I  formerly  used  in  my  calorimetric  work.|  This 
metal  is  elastically  unpromising,  apart  from  the  technical 
advantages  of  smooth  solution  in  diluted  nitric  acid,  of  easy 
flattenins:  and  bending,  and  of  a  small  modulus  of  elasticity. 
Kesults,  nowever,  which  can  be  obtained  with  copper  tub^ 
can  be  iniicli  improved  by  the  use  of  other  more  suitable 
metals,  and  for  this  reason  the  data  of  sensitiveness  and  con- 
stancy obtained  wonld  be  an  index  of  the  possibilities  of  the 
gauge  erring  markedly  on  the  side  of  safety. 

Two  methods  suggest  themselves  for  flattening:  the  tube 

*  WorthingtOD :  Nature,  xli,  p.  296.  1890. 
f  Greenhill:   Nature,  xli,  p.  517,  1890. 
1  Rayleigh:  Proc.  Roy.  Soc,  Deo.,  1888. 

b  I  owe  most  of  my  information  in  relation  to  thin  tubes  to  Prof.  Langlej. 
I  Barus:  Proc.  Am.  Acad.,  xxvi,  pp.  316-317,  1891.     The  liquid  was  extmined 
in  a  very  thin  tubular  helix  of  copper,  to  insure  rapid  oooling  in  the  calorimeter. 
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may  either  be  compressed  between  steel  rollers,  then  neatly 
eoiled  on  a  steel  mandrel  at  the  lathe  with  the  turns  one  or  two 
millimeters  apart,  so  that  the  finished  tube  has  the  general  form 
3f  a  curl,  and  finally  dissolved  to  the  reouired  thinness  of  wall 
in  the  nitric  acid  bath ;  or  the  tube  may  nrst  be  dissolved  to  the 
required  lightness,  then  flattened  and  coiled  as  stated.  The 
second  of  these  methods  is  the  best,  though  it  requires  a  long 
tubular  bath  with  a  cistern  at  the  top  to  avoid  spilling  the  acid 
iuring  the  more  or  less  violent  effervescence  in  solution.  The 
3nds  of  the  tube  are  stopped  with  corks,  covered  over  with  a 
cement  of  resin  and  beeswax,  and  all  imperfect  parts  of  the 
tube  are  similarly  protected.  The  progress  of  solution  is  tested 
by  taking  weights  from  time  to  time,  and  when  the  tube  is  so 
light  as  to  begin  to  float,  it  is  suitably  held  down.  A  spring 
balance  arrangement  attached  to  the  tube  and  out  of  the  reach 
of  the  acid  fumes,  obviates  the  need  of  repeatedly  removing  the 
tube  from  the  bath.  Holes  are  sometimes  eaten  through  the 
walls  at  defective  places,  probably  from  galvanic  action.  Should 
this  occur,  the  tube  must  be  cleaned  at  once,  and  cut  apart  at 
the  defective  place. 

The  first  of  the  methods  sketched  above 
Is  more  convenient,  as  the  curl  requires  a 
much  smaller  bath.  Unfortunately  solution 
is  most  active  at  the  edges;  the  tube  be- 
3omes  very  fragile  and  is  in  danger  of  fis- 
juring  on  continued  use. 

Tubes  rolled  down  and  coiled  under  a 
tense  pull  are  apt  to  be  quite  closed.  The 
wray  in  which  this  can  be  remedied  by  coun- 
ler-twistinff  will  be  described  below  (§  8,  et 
jeq.),  where  closed  tubes  may  even  be  an 
idvantage.  But  in  this  place  it  is  best  to 
Jtretch  two  fine  wires  of  brass  or  copper  (say 
).Q2cm  jjj  diameter)  from  end  to  end  of  the 
iube,  so  that  complete  closure  is  avoided. 

An  interesting  structural  result  was  ob- 
served in  this  work.  Open  helices,  with  ^^'"P^®  """^^^  Bourdon 
the  turns  about  0*3*™  apart,  after  solution 
became  closed  helices  with  the  turns  all  but  touching  at  the 
jdges,  showing  that  the  layers  of  the  metal  were  subjected  to 
unequal  strains  with  a  maximum  of  deformation  at  the  out- 
side.* 

As  a  rule  tubes  must  first  be  cleansed  internally  (to  remove 
pulverulent  or  fatty  matter)  with  ammonia,  hydrochloric  acid 
md  water,  and  then  thoroughly  dried  by  a  current  of  warm 
lir.     The  finished  curl  is  closed  at  one  end,  with  the  other 

*  Compare  this  with  the  gradual  loss  of  explosive  tendency  of  a  Prince  Rupert 
Irop,  when  the  external  layers  are  successively  etched  off  (Barus  and  Strouha], 
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soldered  to  a  suitable  terminal  tube  to  connect  it  with  the  air 
pump.  The  accompanying  figure  1  shows  the  curl  ready  for 
experiment;  a  is  the  terpiinal  tube  leading  to  the  air  pump, 
}J  the  curl  aneroid,  c  a  mirror  or  other  form  of  index,  to  regis- 
ter the  rotation  of  the  lower  end  of  the  curl  relatively  to  the 
upper,  when  the  air  within  is  being  exhausted.  For  conven- 
ience in  drawing  only  a  few  turns  of  tube  are  shown  in  the 
figure. 

4.  Results. — In  the  first  experiments  the  object  sought  was 
some  guidance  as  to  the  effect  of  varying  the  diameter  of  the 
curls.  Copper  tube,  with  walls  0*025""  thick,  was  flattened 
till  the  spindle-shaped  section  was  about  0*5*^  high  and  0*08"* 
wide,  then  wound  so  as  to  make  an  open  helical  spring.  The 
diameter  of  the  curl  was  successively  reduced  by  winding  on 
smaller  mandrels,  and  the  corresponding  sensitiveness  was 
found  by  comparing  the  curl  with  a  mercury  gauge  when  both 
were  joined  to  the  receiver  of  a  Sprengel  pump.  The  index 
at  the  bottom  end  of  the  centered  curl  moved  over  a  graduated 
circle  about  a  foot  in  diameter  and  divided  in  quarter  degrees. 

Table  1  contains  an  example  of  the  results.  The  curl  lengths 
are  approximate,  due  to  unavoidable  irregularities  of  winding. 
In  addition  to  the  direct  readings  I  will  give  the  pressure 
difference  in  centimeters  of  mercury  per  degree  of  deflection 
(i.  e.  per  degree  of  deviation  between  the  terminal  tangents  of 
the  helix),  and  the  same  datum  taken  per  turn  of  the  curl  and 
per  centimeter  of  the  length  measured  along  the  turns  of  the 
helix.  In  general  pressure  denotes  the  difference  of  pressure 
between  the  outside  and  the  inside  of  the  tube  and  is  always 
given  in  centimeters  of  mercury. 

It  appears  therefore,  that  within  the  range  of  accuracy  of 
these  experiments,  the  untwisting  of  the  curl  in  degrees  of  arc 
is  very  nearly  proportional  to  the  pressure  difference  in  cm.  of 
mercury,  remembering  that  the  pressure  on  the  outside  of  the 
tube  acts  on  the  cistern  of  the  barometer.  In  the  second  place, 
the  sensitiveness  of  the  coil  for  a  given  length  of  tube  is  some- 
what greater  for  small  radii  than  for  large  radii ;  thus  for  the 
diameter  3*1^",  a  degree  of  arc  corresponds  to  4*07*^  of  mer- 
cury, whereas  for  the  diameter  2*0"°,  a  degree  corresponds  to 
3.5cm  Qf  mercury.  The  changes,  however,  are  small  and  irregu- 
lar and  possibly  largely  influenced  by  temperature,  which  was 
not  taken.  At  all  events,  the  data  for  cm.  of  mercury  per 
degree  of  deflection,  per  turns  of  curl,  increases  so  rapidly,  that 
in  view  of  the  objectionably  great  length  of  curls  of  small 
diameter,  they  offer  no  advantage.  As  a  rule  the  diameter 
2.5cm  ^rj]]  \^Q  adhered  to  in  the  present  paper. 

this  Journal,  xxxii.  p.  1S2,  1886);  and  wiih  another  result  (this  Journal,  xxxiv. 
p.  183,  1887),  in  which  the  limit  of  torsional  resilience  of  soft  iron  was  reached 
whenever  the  obliquity  of  the  external  fiber  of  the  wire  exceeded  about  O'OOS 
radians. 


C  Barm — Counter-twisted  Curl  Aneroid.  119 

Tablr  1. — Behavior  of  Curls  of  different  diameters^  for  the  same 

length  of  tube  coiled  to  a  helix. 

Cm.  of  Kg 
per  degree 

per  cm. 
of  diameter. 

1-3 


Description  of  curl.* 

Mercnry 
Mano- 
meter. 

Inflection 
of 
curl. 

Cm.  of  Hr 

per  degree 

of  arc. 

Cm.  of  Hg 

per  deirree 

per  turn. 

Diam.  of  curl  3  1««» 

cm 

©arc 

Turns  of  curl  21 

76-7 

18-7 

4-07 

85 

Length  of  curl  18*^™ 

67-9 

16-6 

4-07 

61-5 

15-0 

4-08 

54-3 

13-2 

41-5 

.10*1 

321 

7-8 

Diam.,  2-8*^'° 

76-3 

21-1 

3-55 

87 

Turns,  24 

70-5 

19-5 

3-55 

Length  of  carll9-5<^'" 

65-3 

18-0 

3-57  * 

59-8 

16-4 

3-63 

52-6 

14-4 

47-4 

13-0 

41-4 

11-3 

29-3 

8-0 

Diam.,  2  0^™ 

60-3 

17*4 

3-45 

121 

Turns,  35 

520 

140 

3-49 

Length  of  curl  22«™ 

31-0 
0  0 

89 
0-0 

1-5 


1-7 


Practically,  in  estimating  the  effect  produced  on  thinning 
the  walls  by  etching,  I  may  therefore  either  express  the  num- 
ber of  cm.  of  mercury  which  correspond  to  a  degree  of  arc  per 
turn  of  the  tube,  in  which  case  the  same  diameter  should  occur 
throughout  or  be  specified  ;  or  I  may  make  similar  reference 
to  the  diameter;  or  finally  (and  probably  best),  I  may  state 
the  centimeters  of  mercury  per  degree  of  deflection,  of  the 
coil  per  unit  (cm.)  of  length  of  the  tube  used  in  winding  the 
curl.  Lumping  the  results  of  Table  1,  where  the  length  of 
tube  used  was  about  210^""  throughout,  it  appears  that  in  these 
initial  experiments  a  pressure  of  about  780*^'"  of  mercury  would 
produce  1°  of  deflection  between  the  ends  (tangents)  of  a  tube 
1"^  long,  and  having  the  size  and  thickness  specified. 

The  endeavor  was  now  made  to  dissolve  down  this  curl,  but 
the  action  was  carried  too  far  and  it  was  eventually  lost  in  the 
process.  After  about  J  of  the  weight  had  been  etched  off 
however,  61*^°*  of  m.ercury  corresponded  to  a  degree  of  twist 
per  turn  for  the  diameter  of  curl  2*9^"',  or  550*^  of  mercury 
per  linear  cm.  per  degree,  showing  a  decided  gain  over  the 
general  dataf  of  Table  1. 

5.  Another  curl,  No.  V,  was  now  wound,  etched  off  and 
tested  with  the  following  results,  after  having  been  exhausted 
for  some  time.     The  original  weight  was  39^  and  after  etching 

*  The  length  of  the  curl  and  the  length  of  the  tuhe  used  in  winding  the  curl 
must  be  careful Ij  distinguished. 

f  A  slight  digression  was  made  in  coiling  the  next  tube  like  a  watchspring ; 
but  the  experiment  showed  no  special  advantages. 
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20',  60  that  the  walls  must  have  been  reduced  in  thickness 
from  0-025°°*  to  about  one-half  this  value, 

Diam.  of  curl,  2-8<^"         Pressure,  71 -D*",  Hg  Deflection,  llf 

Turns  of  curl,    22                                59-6<^™  07° 

Length  of  curl  14-7°"                          0-0  20° 

(later)         0-0  0' 

(next  day)     0-0  -2" 

Pressure  per  degree  of  arc  per  turn,  14*6*^",  Hg. 
Pressure  per  degree  per  linear  cm.,  130°"*,  Hg. 

• 

There  has  therefore  been  a  considerable  gain  in  sensitive- 
ness,* inasmuch  as  the  deflection  of  one  degree  between  the 
ends  of  a  linear  centimeter  of  the  coiled  tube  is  now  equivalent 
to  130°™  of  mercury.  A  new  feature  has  been  introduced  in 
the  apparent  occurrence  of  marked  viscosity,  as  shown  by  the 
gradual  displacement  of  the  "zero"  reading  for  pressure  dif- 
ference. The  cause  of  this  will  be  further  studied,  but  it  is 
probably  due  to  the  tendency  of  external  pressure  to  quite 
close  the  tube,t  so  that  it  takes  the  air  some  time  to  reenter. 

This  curl  was  now  cut  in  two  parts,  V^  and  V^,  of  9'5  and 
11  turns  respectively,  in  order  to  test  whether  the  air  had 
quite  reached  the  extreme  parts  of  the  tube.  An  examination 
snowed  the  following  results  : 

Pressure:  Deflection: 

'Diameter  of  curl,  2-88°°»                 72-0<^'°,  Hg  49-6*' 

Turns  of  curl,         9-5                        64-3     *  48-7* 

Length  of  curl,                               55*8  38-3** 

^     .                                                                33-3  23-4° 

^  •^                                                                 0-0  1-6° 

(later)     0-0  0-0° 
Pressure  per  degree  per  turn,  14'0*^". 
Pressure  per  degree  per  linear  cm.,  122^. 

'Diameter  of  curl,  2-8*"                   62-7*^",  Hg  56*3 

Turns,                      11                         53*9  49-6 

Length,                                               46-2  43-8 

36-6  36-3'' 

0-0  T-O** 

(later)    0-0  0-0*' 
Pressure  per  degree  per  turn,  14'3^"*. 
Pressure  per  degree  per  linear  cm.,  127^. 

These  results  agree  substantially  with  the  data  for  the  uncut 
curl,  the  discrepancies  being  due  to  the  difficulties  of  estimat- 
ing the  number  and  diameter  of  the  turns  and  to  the  occur- 
rence of  viscosity.  It  is  seen  that  viscosity  has  in  no  way  dis- 
appeared, though  it  is  much   more  marked  in  V^  than  inVj. 

*  Data  of  the  table  taken  in  accord  with  other  similar  experiments  on  the  same 
curl. 

f  There  may  also  be  a  displacement  of  the  zero  due  lo  friction  of  the  walls  of 
the  tube  on  each  other.  Such  displacement,  however,  would  probably  be  per- 
manent. 


V*  i. 
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this  it  follows  that  the  viscosity  in  question  must  be  in 
measure  apparent  but  not  real.  Whne  Vj,  was  preserved 
ther  purposes,  V^  was  now  further  etched  oflE.  In  so 
;  some  ox  the  turns  had  to  be  sacrificed,  being  eaten 
gh.  The  results  in  these  cases  were  more  irregular,  and 
•ent  viscosity  more  marked.     I  will  not  therefore  give 

in  full.  After  the  first  solution,  9  turns  of  V^  showed 
pressure  per  degree  per  turn,  or  107^"  Hg  per  degree 
inear  cm.  After  the  second  solution  V^  showed  8'7^ 
are  per  degree  per  turn,  or  77°°*  pressure  per  degree  per 
•  cm.  It  was  imposible  to  carry  the  solution  further, 
ise  the  edges  were  too  thin  to  withstand  flexure  without 
ing ;  but  the  walls  were  0*01""  in  thickness,  and  might 
'  have  been  reduced,     cf.  §  3. 

mmary. — Reraembering,  therefore,  that  if  viscosity  were 
ded,  the  curl  would  have  been  more  sensitive,  I  may  state 
t  takes  from  50*^°^  to  75*^""  of  flat  copper  tubing,  the  walls 
.  Q-oicra  tiiick^  to  make  a  curl  aneroid  such  that  a  degree  of 
lall  correspond  to  V^  of  the  barometer.  If,  therefore,  the 
ag  be  made  with  mirror  and  telescope,  with  the  scale  at  a 
ice  of  286*^™  from  the  mirror,  10  linear  cm.  of  the  scale  cor- 
nd  to  1*^""  of  the  barometer.  If  the  tube  be  wound  on  a 
rel  a  little  over  2  8^  in  diameter,  7  or  8  turns  would  suf- 
md  the  length  of  the  curl  need  therefore  not  exceed  8*™. 
e,  10  such  curls  joined  in  series  end  to  end  and  suitably 
)rted,  would  show  100^™  at  the  telescopic  scale  per  cm.  of 
arometer,  and  the  curl  would  be  less  than  a  meter  long. 

Counter-twisted  Systems. 

-In  the  results  thus  far,  the  object  has  been  merely  to 
)it  the  possibilities  of  the  curl  aneroid.     If  the  apparatus 
attain  precision,  the  apparent  viscosity  must  be  brought 
under  control,  and  the  eflEect  of  the  temperature  of  the 
am  evaluated  and  reduced  to  the  smallest  margin.     I  have 
neasure  fulfilled  both  these  conditions  by  using  counter- 
ed systems  in  the  way  presently  to  be  specified.     As  a  first 
in  this  direction,  I  will  cite  some  data  obtained  with  curl 
,  in   which  two  fine  brass  wires  (diameter  0'02*")  were 
n  through  the  tube  before  flattening  and  coiling.     The 
were  O'CIS*""  thick,  and  all  but  5*2  turns  were  lost  during 
ion. 

.  of  curl,     2*8^"       Pressure,  "/S-Y^",  Hg.       Deflection,  38*3** 

i,                     5-2                              63-2  33-4*' 

th  of  curl,   3-3«'»                         485  26-0** 

0-0  0-6** 

00  0-0** 

Pressure  per  degree,  per  turn,  10*4*^™. 

Pressure  per  degree,  per  linear  cm.,  91 


cm 


122  C.  Ba/rv^ — Counter-twisted  Curl  Aneroid, 

The  small  residue  of  viscosity  left  here  is  very  probably  not 
even  yet  a  true  phenomenon,  i.  e.  it  is  due  to  strictures  which 
prevent  the  free  passage  of  air,  and  to  friction  between  the  con- 
tiguous walls  of  tlie  tube  and  wire;  but  the  improvement  over 
the  preceding  cases  is  obvious. 

8. — To  enter  into  this  question  somewhat  more  fully  and 
from  a  diflEerent  point  of  view,  a  wider  tube  was  selected  (the 
walls  of  which  were  but  0'12*^  thick),  flattened  and  coiled 
vnthout  closing  the  section.  Indeed  a  blunt  edge  was  left  and 
the  section  was  about  0*06^  broad  and  1  6*^  high.  The  data 
for  this  coil  (IV)  were  as  follows : 

Diam.  of  curl,     3*2<^™       Pressure,  75 -Q^"*,  Hg.       Deflection,  111* 

Turns  of  curl,     4*5                            69-5  lOS* 

Length  of  curl,  1 40^'°                        57*8  8-8* 

41-3  6'6' 

36-8  5-9* 

0-0  zero.  0-0* 
Pressure  per  degree,  per  turn,  32 'S*^™. 
Pressure  per  degree,  per  linear  cm.,  330*^™. 

In  this  curl  there  is  no  evidence  of  viscosity,  but  the  relation 
of  pressure-diflEerence  and  deflection  is  not  quite  linear,  as  was 
the  case  with  sharp-edged  coils.  The  data  are  mean  ratios. 
The  sensitiveness  (330*^™,  Hg,  per  degree  per  linear  cm.)  is  of 
low  order,  in  spite  of  the  thin  walls  (0  012^)  and  broad  tube. 

§2. 

This  curl  was  now  replaced  on  the  metallic  mandrel,  and  the 
edges  hammered  quite  sharp  from  end  to  end.  On  removing 
the  curl  from  the  mandrel  I  found  that  no  air  could  be  sucked 
through  it.  The  walls,  therefore,  overlapped  each  other,  im- 
perviously  to  air.  When,  however,  the  curl  was  somewhat 
uncoiled  in  the  hands,  the  air  came  through  quite  freely.  This 
suggested  a  novel  method  of  making  the  curl  aneroid,  requiring 
no  inclosed  wires,  and  partaking  of  other  advantages,  since  the 
uncoiling  can  be  done  with  a  suitable  spring,  ui  a  counter- 
twisted  system  of  this  kind  : 

(1.)  The  sharp  edged  coils  can  be  opened  by  an  amount  com- 
patible with  the  free  access  of  air.  Therefore  this  system  is 
adapted  for  extreme  sensitiveness. 

(2.)  The  system  is  differential ;  or,  in  other  words,  the  differ- 
ejices  of  viscosity  and  of  elasticity  oJF  curl  and  spring,  and  the 
differences  of  the  thermal  variations  of  these  quantities  come 
into  play.  Thus  if  a  spring  and  curl  could  be  made  having 
the  same  effective  viscosity*  and  the  same  thermal  coefficients 
of  viscosity  and  elasticity,  respectively,  the'  system  waald  he 
perfeethj  elastic  and  independent  of  temperature  y   or, 

*  Depeuding  therefore  both  on  the  material  and  on  the  lengths  of  the  two 
helices. 
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Qa 


rigX. 


<l 


If  the  adjusted  curl  aneroid,  exhausted  and  therefore 

i  by  external  pressure,  be  untwisted  to  the  same  degree 

I  soring,  the  curl  is  now  nearly  without  strain,  excepting 

f  higher  orders ;  and  the  viscosity  and  thermal  relations 

tosity  and  rigidity  of  the  counter-twisting  spring  alone 

into  play.     Hence  a  metal  of  low  rigidity  may  be  chosen 

aking   the   curl,   while   the   counter-twisting   spring  is 

id  for  high  viscosity.     (3ne  would  use,  for  instance,  hard 

nnealed  at  400°  or  even  a  sufficiently  thick  quartz  fiber. 

I  clear  that  the  counter-spring  must 

ik,  so  that  it  may  make  a  number  of 

ns  for  each  rotation  of  the  curl ;  for 

jistauce  of  the  counter-spring  is  incre- 

d  at  the  expense  of  the  deflection  of 

irl.     Hence   a   long  fiber,  or   spiral 

,    or    a    watch    spring    is    adapted. 

Yj  to  prevent  knotting  of  the  spring, 

;ht  is  (temporarily)  added  to  the  sys- 

referably   suspended   in   a   basin   of 

to  deaden  vibrations.     The  curl  ane- 

is  now  taken  the  form  of  figure  2, 

cc  is  the  curl,  communicating  at  one 

,  with  the  air  pump.     The  otlier  end 

ed  and  carries  the  horizontal,  radial 

fy  to  which  the  stiff  wire  dd  of  the 

bbj  the  mirror  e  and  the  damping 
/  are  attached  symmetrically  to  the 
The  plate  (/  is  of  lead,  thus  serving 
eight  (as  well  as  a  damper)  to  pull  out 
•ing  bb.  A  dish  /i  (shown  w^'th  ff  in 
ection)  containing  a  liquid,  surrounds 
le  spring  b  is  attached  above  to  a 
lamp  at  a,  by  means  of  a  stiff  wire  /, 
mp  (not  shown)  being  so  constructed 
he  spring  can  be  both  raised  and 
1. 

weight  ff  and  the  damping  arrange- 
are  only  permissible  in  calibration 
ike  the  present.  If  the  registry  of 
3roid  is  to  be  instantaneous,  the  mass 
•e  kept  down  to  the  lowest  limit  pos- 
and  no  ballast  is  to  be  attached, 
a  delicate  watch-spring,  or  a  double  Countor-twisted  system 

spring  is  preferably  employed,  and     ofcurled  Bourdon  tube, 
ible  method  of  damping  vibrations    ^^^^^  ^^^    "PP"'^" 
•e  investigated.     An  elastic  fiber  fas- 
it  both  ends,  with  the  end  of  the  helix  attached  near 
ddle,  is  also  contemplated. 
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9. — To  obtain  preliminary  evidence,  I  took  curl  IV,  just  dis- 
cussed (§  8),  though  it  had  become  somewhat  leaky  from  hard 
usage.  The  counter-twisting  was  done  by  a  long  steel  wire 
with  the  following  results : 

Turns  uncoiled  from  j  Pressure  per  degree,  per  turn,  13*4***,  Hg. 
4*5  to  3*7.  (  Pressure  per  degree,  per  linear  cm.,  Ifi?". 

Turns  uncoiled  from  j  Pressure  per  degree,  per  turn,  5-1*^™,  Hg. 
4-5  to  3-0.  I  Pressure  per  degree,  per  linear  cm.,  79"°. 


In  all  these  cases  the  deflections  were  instantaneous, 
there  was  no  apparent  viscosity.  The  curl  itself  has  been 
improved  from  one  of  low  sensitiveness  (330*^)  to  nearly  the 
same  range  of  high  sensitiveness  (77""),  actually  obtained  in 
§  6  for  extremely  tnin  copper  tubes. 

This  result  deserves  special  study;  but  it  already  appears 
that  so  long  as  the  coil  is  sharp-edged  in  section — so  long  as  the 
strain  is  a  case  of  nearly  pure  bending — the  coil  increases  in 
sensitiveness  as  its  spindle-shaped  section  is  more  highly 
arched.  The  smaller  tne  medial  radius  of  curvature  of  a  right 
section  of  the  tube,  the  greater  proportionately  is  its  variation 
for  the  same  pressure-difference ;  and  the  greater  proportion- 
ately must  the  corresponding  variations  oi  the  longitudinal 
radius  of  curvature  (coil  radius)  also  be,  since  the  product  of 
two  radii  is  to  remain  constant.  Hence  a  rotunaly  arched^ 
spindle-shaped  section^  maintained  in  an  excessively  thin-walki 
tuhe^  is  cotnpatihle  with  the  greatest  amount  of  rotation  at  the 
registering  index. 

10. — A  copper  tube  having  walls  0*01^  thick  was  flattened 
and  rolled  down  as  usual.  The  curl  (No.  VII)  contained  9 
turns  and  it  was  2-8*^™  in  diameter  and  about  12*5""  long, 
each  turn  in  section  being  0*8*^  high,  with  blunt  edges  abont 
().Q5cm  ^i(je^  Sq  constructed,  the  sensitiveness  (conformably 
with  the  data  in  §  8)  was  low,  for  the  pressure  in  cm.  Hg  per 
degree  per  turn  was  50,  and  the  pressure  per  degree  per  linear 
cm.  of  the  curl  440"°. — in  spite  of  the  thin  copper  walls 
stated.  This  tube  was  now  hammered  flat  and  sharp-edged  on 
the  steel  mandrel.  A  part,  VIl^,  free  from  flaws  was  then  cut 
from  this  tube  and  used  in  the  following  tests.  Table  2.  For 
want  of  better  material  a  helical  spring  of  brass  spring  wire 
was  used  in  the  counter-twisting  and  the  system  was  weighted 
to  prevent  knotting  (cf.  §  8). 

These  results  are  given  graphically  in  the  chart  figure  3, 
where  the  ordi nates  are  pressures  in  cm.  of  mercury,  corre- 
sponding to  a  deflection  of  1°  for  a  length  of  V^  measured  on 
the  turns  of  the  curl.  The  abscissas  show  the  amount  of 
counter-twisting  at  the  lower  end  of  the  system  in  degrees. 
The  sensitiveness  therefore  increases  in  marked  degree  with 
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the  amonnt  of  coanter-twisting,  and  apparently  reaches  a  limit 
at  aboDt  150°.  From  here  on,  however,  the  evidences  of  per- 
maoent  eet  were  met  with.  They  are  in  the  direction  of  the 
tincoiling,  showing  the  spring  to  have  acted  on  the  cnrl.  At 
the  end  of  the  experiment,  when  the  spring  was  released,  about 
90°  of  permanent  set  had  been  imparted  to  the  curl.  I  believe 
tLerefore,  that  the  curl  conid  have  been  made  even  more  sen- 


Chsrt  showing  the  inverse  eensitiveness  (ordinate)  ol 
a  counter-twiaied  sjatem  vHrjing  with  the  BmoimC 
of  counter- twist  (abscissa). 

Bitive  than  shown  in  figure  3,  if  its  materiiil  had  been  resilient 
and  of  high  viscosity.  At  all  events,  the  datum  reached  (50™ 
Hg  corresponding  to  a  degree  of  deflection  between  the  ends 
of  a  linear  cm.  of  the  turns  of  the  cnrl)  is  markedly  in  excess 
of  the  results  given  at  the  end  of  §  7,  while  the  apparent  vis- 
cosity of  the  metal  has  now  no  seriona  significance.  Indeed 
since  the  viscous  set  above  whs  actually  negative  (uncoiled  curl), 
whereas  in  Che  simple  cnrl  (§  5  et  seq.)  it  is  positive,  a  virtual 
elimination  of  viscosity  is  clearly  possible. 

Table  2. — Sliowing  the  increased  sensitiveness  resulting  from 
increased  counter-twisting. 


2 '3    (released) 


.Hk. 

cm.,  Hg. 

3-6 

120 

No  viscosity. 

99 

05 

6-6 

09 

»           << 

4-3 

60 

"           " 

(  Curl  shows  negative 
(            viscosity. 

100 

98 

(    Carl  shows  90°  set 

j  after  releasing  spring. 
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11. — I  want  finally  to  put  the  remarks  made  in  the  abo?e 
paragraphs  to  an  actual  test  in  continuous  series  of  measure- 
ments with  mirror  and  scale.  A  figure  of  the  apparatas  is 
given  in  §  8.  A  curl,  No.  II,  was  wound  for  the  purpose,  of 
copper  tube.  A  very  small  leak  was  purposely  left,  so  that 
the  exhausted  curl  might  gradually  (several  days)  fill  with  air, 
while  comparison  with  the  attached  mercury  manometer  were 
in  progress.  Preliminary  tests  made  on  the  graduated  circle 
showed  the  following  results  : 

Preisare        p«r  de- 
Prettare     per  decree,   ffr«e,  per 
Description.  Pressure.      Deflection,    per  degree,      per  turn,    linear  cm. 

Diameter  curl,  2-8*^™     cm.,  llg.  **arc. 

Turns,  15-5  IQ'SO  84-75       0-926         14-1  124 

Length,  12^"  57*92  64-80      0*894 

40-70  45-75 

0-0  0-0 

The  relation  is  not  linear,  though  the  discrepancy  may  be 
thermal.  The  curl  is  only  moderat^y  sensitive  (for  in  §10 
this  sensitiveness  has  been  doubled),  and  not  quite  free  from 
viscosity.  It  is  therefore  interesting  to  see  in  how  far  preci- 
sion can  be  obtained  with  this  short  and  not  very  favorable 
coil,  when  suitably  counter-twisted. 

The  spring  used  in  counter-twisting  was  of  brass  spring 
wire,  0-05^  diameter.  It  consisted  of  31  turns  about  1*5"°  in 
diameter  and  when  stretched  was  l-7"»  long.  The  counter- 
poise weighed  something  over  25*. 

The  system  was  adjusted  by  first  exhausting  the  curl  aneroid 
to  a  nearly  perfect  vacuum,  after  which  the  mirror  was 
brought  back  to  its  original  position  (that  is  before  exhausting) 
by  the  spring.  There  was  thus  but  little  strain  left  in  the 
curl.     The  method  adopted  was  therefore  the  third  in  §  8. 

A  thermometer  hung  beside  the  mercury  manometer  and 
the  curl,  giving  the  temperature  of  both,  though  not  closely 
enough  (as  observation  snowed).  A  fine  bulb  thermometer 
placed  within  the  coils  is  essential.  The  scale  was  at  a  dis- 
tance 3-5'"*'  from  the  mirror. 

Of  the  two  continuous  series  of  observations  made  I  shall, 
for  brevity,  only  give  an  example  of  part  of  the  second.  The 
first  is  defective  in  temperature.  Table  3  contains  the  results, 
showing  in  the  first  three  columns  the  height  (J)  of  the  mer- 
cury in  the  manometer  (reduced  to  0°  C),  the  temperature  if) 
of  the  air  near  the  curl,  and  the  reading  («)  in  the  telescope  of 
the  deflections  of  the  curl.  Observations  were  made  in  groups 
of  four  or  more,  during  different  parts  of  the  day  for  different 
days.  Temperature  was  very  variable,  thus  adding  to  the 
severity  of  the  test. 
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The  column  headed  B  is  the  virtual  barometer,  to  be  ob- 
ined  in  a  way  presently  to  be  given. 

ABLB  3. — Showing  the  behavior  of  the  curl  aneroid  as  compared 

with  the  mercury  manometer. 


b 

• 

t 

B 

b 

• 

1 

B 

Tem- 

ManoTneter 

Tem- 

Manometer 

iDom«ter. 

Carl. 

peratnre. 

8125°. 

Manometer. 

Carl. 

peratare. 

at  25*. 

rm^  tLg, 

cm. 

•C. 

cm.,  Hff. 

cm.,Hg. 

cm. 

»C. 

cm.,  Hg. 

75-49 

54  75 

256 

7553 

75-69 

58-80 

29-0 

76-99 

74-89 

49-40 

26-8 

74-95 

75-16 

54-30 

28-8 

75-44 

74-68 

46-70 

26-0 

74-66 

74-36 

46-30 

28-4 

74-61 

73-95 

40-30 

26-3 

74  05 

72-97 

32-00 

28  0 

7319 

75-58 

56-50 

27-3 

75-75 

76-06* 

57-40 

23-1 

76-92 

75-38 

54-60 

27-3 

76-55 

75-29 

50-70 

23-1 

75-16 

74-95 

50-60 

27-5 

75.14 

74-72 

45-00 

23  2 

74-69 

74-66 

47-90 

28-0 

74-88 

7402 

38-40 

23.6 

73-92 

75-59 

6760 

'29-2 

75.90 

76-01 

5800 

23-5 

76-90 

75-15 

5400 

29  6 

7650 

75-69 

54-90 

23-6 

75-58 

74-22 

44-70 

300 

74  59 

75-18 

5000 

23-5 

75-07 

73-89 

41-60 

29-8 

74-24 

74-76 

45-80 

24-2 

7470 

75-57 

67-90 

30-2 

75-96 

7646t 

60-70 

21-8 

76-22 

75-35 

6650 

30-2 

75-74 

75-70 

64-65 

22-3 

76-60 

74-95 

52-30 

300 

75-32 

75-22 

50-50 

22-8 

7606 

71-92 

21-10 

29-6 

72-25 

73-94 

37  85 

23-4 

73  82 

75-54 

5745 

294 

75-87 

76-36 

6300 

260 

76-44 

7495 

52-40 

29-2 

75-26 

75-86 

67-30 

26-1 

75-92 

74-46 

46-60 

29-2 

74-76 

75-42 

64-50 

26.3 

75-62 

7402 

4270 

292 

74-33 

74  78 

47-60 

262 

74-87 

75-64 

58-50 

294 

75-97 

76-34t 

67-60 

20-8 

7602 

75  16 

54  30 

29-4 

75-49 

7593 

54  65 

21-0 

7563 

74-33 

45-80 

29-1 

74-63 

75-49 

6110 

21-2 

75-20 

7338 

36-10 

29-0 

73-67 

74-86 

4520 

21-6 

74-61 

*  One 

day  after. 

t  Three  da 

ys  after. 

J  Four  days 

after. 

If  the  deflections  (s)  are  platted  as  a  function  of  the  pressure 
i,)  a  series  of  detached  lines  are  obtained,  which  usually  lie  at 
3me  distance  apart  and  are  not  quite  straight  even  for  a  single 
roup.  Inspection  shows  these  discrepancies  to  be  principally 
ue  to  temperature.  It  is  not  at  once  obvious  how  the  tem- 
>erature  coefficient  is  to  be  computed,  unless  it  be  assumed, 
onf  ormably  with  §  4,  that  the  corrected  loci  are  really  straight. 

The  following  is  a  method  of  calculating  the  temperature 
orrections  without  entering  into  unduly  complex  computa- 
ions :  Let  8  be  the  deflection  (scale  reading)  at  the  pressure  b 
nd  the  temperature  t;  let  «',  b',  V  have  a  similar  relation,  and 
5t  «oj  ^  *^d  ^  ^  constants.     For  any  two  groups,  put 


(s-¥s^(y-\-at)—bc. 


0) 


f  by  aid  of  the  chart  of  detached  lines  just  referred  to,  the 
alues  of  J  be  taken  for  «=/,  then 


a= 


bt'-b't 
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Proceeding  thus,  I  found  a  =  0*001 ;  and  with  this  value  I 
reduced  the  observations  by  placing  (1)  under  the  form 

Hence  « is  a  linear  function  of  B;  and  this  postulate  can  be 
tested  graphically  without  computing  c  and  Sq.  B  is  given  in 
the  last  column  of  Table  3. 

The  conditions  under  which  these  data  were  obtained  were 
very  unfavorable.  As  a  result  of  the  delicate  suspension,  the 
iar  of  wagons  and  cars  passing  the  laboratory  often  made  it 
impossible  to  read  the  scale  millimeters  in  the  telescope. 
Moreover  I  was  unprepared  for  so  large  a  temperature  coot- 
cient,  a,  as  has  just  been  adduced ;  and  I  did  not  therefore 
take  such  special  precautions  against  currents  of  air  which 
should  have  been  taken,  seeing  that  the  thin  metallic  helix 
adjusted  itself  at  once  to  temperature,  whereas  the  thermome- 
ter follows  sluggishly  after.  Nor  was  the  latter  placed  near 
enough  to  the  coil.  Hence  since  a  single  degree  of  tempera- 
ture corresponds  to  nearly  O*!^"*  of  the  barometer,  discrepancies* 
of  half  a  millimeter  of  pressui'e  must  have  been  incident  to  the 
work,  and  the  table  and  chart  bear  this  assertion  out.  Points 
which  lie  out  of  position  are  isolated  in  each  group  and  the 
discrepancy  is  the  result  of  a  current  of  air. 

In  spite  of  the  unfavorable  choice  of  metals  (copper  and 
brass)  the  behavior  of  the  copper  curl  is  thus  seen  to  be  satis- 
factory so  far  as  the  present  purposes  go :  for  a  development 
of  principles  of  construction  has  only  been  aimed  at.  Tne  tel- 
escope reading  for  this  small  curl  is  Q'S*^""  per  cm.  of  the  mer- 
curial bafometer. 

12.  Conclusion. — Having  reached  this  stage  of  progress,  it 
seemed  expedient  to  break  oflE  the  work,  for  it  would  not  be 
worth  while  to  proceed  with  line  measurement  without  making 
the  system  of  more  highly  viscous  material  at  the  outset.  In 
brief :  tubing  preferably  of  resilient  brass  3-4  millimeters  in 
diameter  or  less,  with  walls  O-OP""  thick  or  less  (by  solution)  is 
desirable.  The  tube  should  be  heated  in  steam  to  remove 
excesses  of  drawn  strain  and  thereafter  flattened  and  coiled 
until  the  walls  all  but  touch.  The  counter-twisting  spring 
is  to  be  either  helical  or  watchspring-shaped,  and  of  steel 
annealed  at  400°  C,  or  a  suitable  long  quartz  fiber.  A  long 
curl  would  not  be  self-sustaining ;  but  it  could  be  made  so 
without  interfering  with  its  free  action,  by  a  series  of  equidis- 

*  In  the  face  of  the  large  thermal  effect  discussed  io  the  text  it  would  be  use- 
less to  endeavor  to  evahiate  the  effect  of  viscosity.  Nor  would  a  metal  of  low 
viscosity,  like  a  spring  of  drawn  brass,  bo  chosen  in  tests  of  a  final  character. 
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taut  radial  spokes  attached  at  the  inner  face  of  the  curl  with 
their  central  ends  fastened  to  a  fiber  of  silk. 

If,  therefore,  the  conditions  investigated  at  the  end  of 
§§  6,  10,  be  called  to  mind,  a  non-diflEerential  cnrl  aneroid  (§  8, 
case  3)  less  than  a  meter  long,  provided  with  a  mirror  for  regis- 
try, will  give  account  of  variations  of  atmospheric  pressure  of 
a  thousandth  of  a  millimeter  of  the  barometer,  provided  the 
mounting  is  sufficiently  free  from  tremor,  and  temperature  be 
kept  constant  to  a  few  thousandths  of  a  degree  during  the  inter- 
val of  observation. 

These  conditions  will  be  much  less  severe  if  the  parts  of  the 
oonnter-twisted  system  are  especially  chosen  (as  stated  in  §  8, 
case  2)  and  twisted  with  reference  to  viscosity,  rigidity  and 
temperature.  Indeed  the  chief  result  of  the  present  paper  is 
the  exhibition  of  the  properties  of  the  counter-twisted  system. 
A  continuous  mechanism  has  been  brought  forward  which  not 
only  minimizes  the  hurtful  eflEects  of  viscosity  and  of  the  ther- 
mal changes  both  of  viscosity  and  of  rigidity,  but  which 
accomplishes  these  desirable  results  in  such  a  way  as  to  remark- 
ably increase  the  sensitiveness  of  the  instrument. 

WiJson  Physical  Laboratory, 
Brown  University,  Providence,  R.  I. 


Art.  XVI. — Fayalite  from  Rockport^  Mass.^  and  on  the 
Optical  Properties  of  the  Chrysotite-Fayalite  Group  and  of 
MonticeUite ;  by  S.  L.  Penfield  and  E.  H.  Forbes. 

In  the  fall  of  1890,  Mr.  J.  H.  Sears  of  the  Peabody  Academy 
of  Science,  Salem,  Mass.,  while  visiting  the  Rockport  Granite 
Quarry,  found  a  crystalline  mass  of  a  dark  colored  mineral, 
which  proved  on  examination  to  be  fayalite.  The  occurrence 
of  this  mineral  is  so  unusual  that  it  was  considered  worthy  of 
a  special  investigation  and  was  sent  for  that  purpose  to  the 
Mineralogical  Laboratory  of  the  Sheffield  Scientific  School. 

The  material  offered  an  excellent  opportunity  for  an  investi- 

Stion  of  the  optical  properties  of  fayalite,  which  had  never 
en  determined,  and  the  results  were  of  such  a  nature  that  it 
seemed  best  to  extend  the  study  to  the  different  members  of 
the  chrysolite  group,  in  order  to  determine  the  effect  upon  the 
optical  properties  due  to  the  mutual  replacement  of  iron  and 
magnesium. 

Fayalite. 

The  material  from  Rockport  was  a  crystalline  mass,  found 
at  a  depth  of  60  feet,  near  tne  base  of  a  large  boss,  or  vein  of 

Am.  Joitr.  Sci. — Fouetu  Sbribs,  Vol.  I,  No.  2. — Fbbbuart,  1896. 
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pegmatite.  It  occurred  at  one  side  of  the  pegmatite  vein  in 
the  massive  hornblende-biotite  granite,  as  a  lenticular  shell  of 
varying  thickness,  about  12  to  16  inches  in  diameter,  filled  on 
the  inside  with  loose  earthy  material  and  enveloped  by  a  layer 
of  magnetite  about  one  inch  thick. 

The  material  showed  no  crystal  faces,  but  two  distinct  cleav- 
ages at  right  angles  to  each  other.  The  color  of  the  mineral 
on  a  fresh  fracture  is  a  dark  resinous  green,  but  thin  edges 
transmit  a  yellowish  light.  On  examining  fragments  with  a 
microscope  it  was  found  that  they  were  fresh  and  transparent, 
but  permeated  with  grains  of  magnetite.  The  material  for 
analysis  was  therefore  prepared  by  pulverizing  and  sifting  to 
a  uniform  grain  and  freeing  from  magnetite  with  a  magnet 
The  material  thus  prepared  was  of  exceptional  purity.  The 
specific  gravity  taken  with  the  pycnometer  and  the  results  of 
the  analysis  are  as  follows : 

Specific  gravity  4-323,     4-316,     4*317.     Average  4-318 


1-00 
2-00 


I. 

XL 

Average. 

Ratio. 

SiO    ...   30-11 
Fed  ...   68-04 

30-05 

30-08 

•501 

68-19 

68-12 

•946  ] 

MnO...       -77 

-65 

-72 

•010 

-  1^004 

H,0...       -88 

-87 

-80 

•048  ] 

1 

Total...  99-80 

99-76 

99*80 

The  ratio  indicates  almost  pure  ferrous  ortho-silicate  Fe,SiO, 
with  only  a  trace  of  manganese  and  no  magnesia,  although  a 
careful  test  was  made  for  the  latter.  The  small  amount  of 
water  is  considered  as  basic.  A  high  temperature  is  needed  to 
expel  it,  and  limonite,  the  most  likely  mineral  to  be  formed  by 
decomposition,  was  wanting.  If  the  water  is  disregarded,  the 
analysis  shows  a  slight  excess  of  silica. 

The  cleavages  served  for  the  orientation  of  the  optical  proper- 
ties and  plates  cut  parallel  to  these,  as  described  by  Penfield  and 
Pratt,*  proved  to  be  parallel  to  the  pinacoids  001  and  010. 
The  first  of  these  gave  no  interference  figure  in  polarized  light, 
while  the  second  showed  the  emergence  of  the  acute  bisectrix. 
The  divergence  of  the  optical  axes  was  measured  on  a  large 
Fuess  axial  angle  apparatus,  and  although  it  could  be 
measured  in  air,  it  was  found  best  to  measure  it  in  a-mono- 
bromnaphthalene.  The  plates  also  served  for  determining  the 
pleochroisra. 

The  indices  of  refraction  were  obtained  from  prisms  carefully 
oriented  by  the  cleavages.     The  results  are  as  follows :  for  yel- 

*Thi8  Journal,  vol.  1,  p.  387,  1895. 
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low  Na,  a  =  1;8236,  ^  =  1-8642, ;-  =  1-8736,  ^  -  a  =  -050,  the 
orientation  being  a  =  c,*  J  =  a,  c  =  6  as  in  crysolite. 

The  plane  of  the  optic  axis  is  the  base  and  a  is  the  acute 
bisectrix.  The  double  refraction  is,  therefore,  negative.  The 
dispersion  is  p  >  v,  2H,  Li  =  57°  27';  2H,  Na  =  56°  32';  2H, 
Tl  =  55°  ^1\  The  index  of  refraction  for  a-raono-broranaph- 
thalene  being  1-6577  at  23°  C.  for  yellow,  Vy  =  24°  55'  and 
2Ey  =  103°  25'.  2Ey  was  also  measured  and  found  to  be  103"* 
4'.  From  the  values  of  a,  ^  and  7*,  according  to  the  usual 
formula,  Vo  was  found  to  be  64°  42',  hence  V^  =  25°  18',  agree- 
ing closely  with  24°  55'  as  given  above.  The  pleochroism  is 
distinct,  in  sections  about  0-5™™  thick  for  rays  vibrating  parallel 
to  b  orange  yellow,  parallel  to  a  and  c  greenish  yellow. 

To  make  sure  of  the  orientation  of  the  optical  properties  as 
given  above,  where  only  cleavages  were  available,  a  comparison 
was  made  with  the  excellent  crystals  from  the  obsidian  of  the 
Yellowstone  Park  described  by  Iddings  and  Penfield.*  For 
this  purpose,  material  was  supplied  by  Mr.  Arnold  Hague  of 
the  U .  S.  Geological  Survey,  to  whom  the  authors  desire  to 
express  their  thanks.  On  these  transparent,  but  minute  crys- 
tals, the  basal  cleavage  and  the  emergence  of  the  obtuse  bisec- 
trix at  right  angles  to  the  pinacoid  100  were  distinctly  seen, 
the  plane  of  the  optic  axis  being  001.  No  indication  of  a  cleav- 
age parallel  to  the  pinacoid  100  was  observed  on  the  fayalite 
from  Rockport,  and  the  statement  in  many  mineralogies  of  a 
cleavage  in  that  direction  is  probably  erroneous. 

Hortonolite, 

Under  this  name  Professor  Brushf  has  described  a  mem- 
ber of  the  chrysolite-fayalite  group,  found  in  an  iron  mine 
at  Monroe,  Orange  Co.,  N.  Y.,  and  characterized  by  its 
dark  color  and  nigh  iron  percentage.  In  appearance  it 
resembled  the  fayalite  from  Kockport.  In  order  to  ascertain 
the  chemical  composition  of  the  mineral  upon  which  the  opti- 
cal properties  were  to  be  determined,  a  new  analysis  was  made 
upon  material  from  a  large  mass,  showing  cleavage  in  two 
directions,  which  served  for  the  optical  orientation,  this  cleav- 
able  material  being  better  adapted  for  optical  work  than  the 
crystals  at  our  disposal. 

Grains  of  magnetite  were  disseminated  through  the  mineral 
and  the  material  for  analysis  was  therefore  purified  as  described 
nnder  fayalite. 

The  results  of  the  analysis  are  given  below,  together  with 
those  obtained  by  Mixter  and  quoted  by  Brush : 

*  This  Journal,  vol  xxx,  p.  58,  1885. 
t  Ibid.,  vol.  xlviii,  p.  17,  1869. 
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Specific  gravity  4*047,  4030,  Average  4'038. 


Mixtor. 

I. 

IT. 

Average. 

Ratio. 

Sp.  gr.  3-91 

SiO,   .... 

33-60 

33-94 

33-77 

•562 

•562 

1  -00         33-69 

FeO 

47-19 

47-32 

47-26 

•65« ' 
-064    ► 

44-37 

MnO.... 

4-76 

4-32 

4-54 

1  -093 

1  -95            4-35 

MgC... 

14-02 

13-74 

13-88 

-347 

16-68 

H,0 

0-48 

0-48 

0-48 

•026^ 

K,0  0-39 
H,0  0-26 

i 


100-05     99-80        99-93 

99-64 

The  ratio  of  the  SiO, :  KO  =  1  :  1'95  or  nearly  1 : 2,  giving 
the  formula  (FeMgMu),SiO^,  and,  therefore,  the  minersu 
holds  an  intermediate  position  between  fayalite  and  the  iron- 
rich  chrysolites.  The  cleavages  are  poorer  than  in  fayalite,  bnt 
parallel  to  the  same  faces  001  and  010.  Plates  and  prisms 
were  prepared  as  in  fayalite,  the  optical  orientation  and  the 
character  of  the  double  refraction  being  the  same. 

The  following  results  were  obtained : 

For  yellow   light  Na,   a  =1-7684,  ^  =  1-7915,  r  =  l'8031, 

-  a  -0347.  2H,  Li  =  76°  69';  2H,  Na  =  76°  00';  2H, 
1  =  75°  45';  hence  with  7i  Na  for  a-mono-bromnaphthalene  = 
1-6567  at  25°  C,  V^y  =  34°  42'.  From  the  values  of  a,  i8  andr, 
Vo  was  found  to  be  54°  55';  hence  Va=  ^5°  5',  which  agrees 
closely  with  V^  as  given  above.  The  pleochroism  was 
similar  to  that  of  fayalite  but  weaker,  for  rays  parallel  too  and 
c  very  pale  yellowish  green,  and  parallel  to  b  pale  yellow. 

Chrysoliteo 

For  the  optical  constants  of  chrysolite  we  are  indebted  to 
Des  Cloizeaux*  who  gives  a  =  1-661,  ^  =  1-678,  r  =  1-697,  for 
yellow  Na,  2Vy  =  87°  46',  the  double  refraction  being  posi- 
tive and  the  dispersion  p  <u.  The  amount  of  ferrous  iron, 
however,  is  not  given.  He  also  determined  the  constants  for 
fosterite,  the  white  chrysolite  from  Vesuvius,  containing  pre- 
sumably, according  to  the  published  analyses,  about  two  per 
cent  of  ferrous  oxide  with  the  following  results :  ^^  =  1-657, 
^y  =  1-659,  ^bi  =  1-670,  2Vr  =  86°  1',  2Vy  =  86*^  10',  2Vw 
=  86°  32'. 

Zimanyif  has  recently  given  the  following  determinations  on 
chrysolite  from  the  East  indies,  but  also  without  any  determina- 
tions of  ferrous  oxide ;  for  yellow,  Na,  a  =  1-6535,  fi  =  1*6703, 
r  =  1-6894,  2V.=  87°  15'. 

*  Memoirs  De  L'Institute  De  France,  Tome  zviii,  p.  691. 

f  Zeiischrift  fur  Krystallographie  und  Mineralogie,  Band  22,  p.  338,  1893. 
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For  our  own  investigation  chrysolites  were  selected  from 
specimens  in  the  Brush  collection.  The  percentages  of  ferrous 
ron  were  determined  by- means  of  potassium  permanganate, 
3nt  unfortunately  in  the  available  material  the  range  in  the 
replacement  of  magnesia  by  iron  was  not  great,  leaving  a  wide 
5ap  in  the  series  between  the  one  richest  m  iron  and  hortono- 
lite.  The  varieties  examined  are  arranged  below  according  to 
the  decrease  in  the  percentage  of  iron.  The  divergences  of 
the  optical  axes,  2H,  were  all  measured  with  yellow  light,  Na, 
in  a-mono-bromnaphthalene  at  a  mean  temperature  oi  25°  C. 

Auvergne,  France. — Loose  crystals  were  chosen  of  a  dark 
yreen  color  and  well  developed ;  similar  to  fig.  4,  page  462, 
Dana's  Mineralogy,  6th  Ed.  The  plate  for  optical  examination 
wras  made  parallel  to  010.  FeO  =  13-02  per  cent,  ^  =  1-6916, 
m  =  92*^  1';  hence  2Va=89°  36'. 

VemvticSj  Italy, — Small  loose  crystals  were  selected  of  dark 
>live  green  color,  showing  distinct  faces  with  010  prominent, 
parallel  to  which  the  plate  was  cut.  FeO  =  12*6  per  cent, 
2H  =  92°  9',  and  considering  /3  =  1'6916  as  in  the  Auvergne 
jrystals,  2V.  =  89°  42'. 

Uawaiiy  Sandwich  Islands, — The  material  of  olive  green 
jolor  was  collected  by  Prof.  J.  D.  Dana  on  the  southeastern 
ihore,  south  of  Hilo.  It  consisted  of  water  worn  grains,  show- 
ing occasionally  a  cleavage  face  parallel  to  010  which  served  for  ' 
>nentation,  and  parallel  to  which  the  plate  was  cut.  FeO  = 
10-3  per  cent,  2H  =  92°  30',  and  using  /3  =  1-678  as  given  by 
Des  Cloizeaux,  2Vo=  91°  2'. 

Egypt  or  the  Orient, — A  fragmentary  crystal  was  used,  of 
light  olive  green  color  and  with  crystal  faces,  which  served  for 
)rientation.  The  plate  was  cut  parallel  to  100.  FeO  =  9-16 
per  cent,  2H  =  89°  39',  ^  =  1-679 ;  hence  2Va=  88°  41'. 

Northwestern  Corner  of  New  Mexico, — A  rounded  frag- 
ment was  selected  from  material  collected  by  the  Indians  and 
jold  to  lapidaries  for  gem  purposes.  The  fragment  showed  no 
jrystal  faces,  but  a  cleavage  parallel  to  010  served  for  orienta- 
4ition,  and  parallel  to  this  the  plate  was  cut.  FeO  =  8*6  per 
jent,  2H  =  92°  57',  and  using  ^  =  1-678,  2Vo=91'  24'. 

The  result  of  this  investigation  can  be  seen  best  from  the 
'ollowing  table,  where  2Y  is  given  for  yellow  Na,  measured 
)ver  a,  or  the  crystallographic  axis  h.  The  dispersion  in  all 
iases  when  measured  in  this  way  is  ^o  >  d.  The  last  three  are 
he  determinations  of  Des  Cloizeaux  and  Zimanyi  already 
referred  to. 
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Material. 

Locality. 

Per  Cent 
of  FeO. 

Axial  Angle  2V 
measured  over  a. 

P- 

Fayalite, 
Hortonolite, 

Rockport, 
Monroe, 

68-1  • 
47-3 

49°  60' 
69   24 

1*864 
1-791 

Chrysolite, 

Auvergne, 
Vesuvius, 

13-0 
12-6 

89    36 
89    42 

1-69-2 

Hawaii, 

10-3 

91      2 

Egypt, 
New  Mexico, 

9-2 
8-6 

91    19 
91    24 

1-678 

Unknown, 

? 

92    14 

1-678 

East  Indies, 

? 

92   45 

1-670 

Fosterite, 

Vesuvius, 

2? 

93   50 

1-657 

The  eflEeet  of  a  decrease  in  iron  is  to  constantly  increase  the 
value  of  2V,  which,  at  the  iron  end  of  the  series,  changes  much 
more  rapidly  than  at  the  magnesia  end,  as  may  be  seen  by  the 
curve  which  has  been  plotted,  and  where  the  percentages  of 
FeO  have  been  taken  as  ordinates  and  the  values  of  2V  as 
abscissas. 
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The  decrease  in  FeO  is 
accompanied  by  a  decrease  in 
the  value  of  fi  and  also  in  the 
strength  of  the  double  refrac- 
tion. With  the  FeO  about  12 
per  cent  2V  for  yellow  equals 
nearly  90°.  Chrysolites  con- 
taining less  than  12  per  cent 
FeO  have  c,  or  the  crystallo- 
graphic  axis  a  for  the  acute 
bisectrix  and  are  optically 
positive  with  dispersion  p  <w, 
and  those  richer  in  iron  are 
optically  negative  with  disper- 
sion p>  0. 
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Monticellite, 


In  order  to  make  the  investigation  of  the  chrysolite  group 
more  complete,  we  have  included  monticellite  CaMgSiO«, 
which  in  its  cry  stall  ographic  relations  is  very  close  to  chrysolite, 
the  crystals  from  Magnet  Cove,  Arkansas,  investigated  by 
Genth  and  Pirsson*  furnishing  excellent  material  for  the  pur- 

{>ose.     An  abundant  supply  or  this  rare  mineral  was  generously 
urnished   to   us  by  Messrs.  Geo.    L.  English  &  Co.  of  New 
York,  to  whom  we  take  pleasure  in  expressing  our  thanks.     As 

♦This  Journal,  vol.  xli,  p.  399,  1891. 
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Gknth's  analysis  showed  a  loss  by  ignition  of  2^29  per  cent  and 
2'03  per  cent  of  P,0„  it  evidently  was  made  on  impure  mate- 
rial and  consequently  a  new  analysis  seemed  necessary. 

The  material  which  we  were  able  to  select  was  of  exceptional 
purity  and  yielded  the  following  results : 


I. 

IT. 

Mean. 

Qenth. 

Specific  gravity  3  022 

3-047 

3035 

Analysis  I. 

IL 

Average. 

Ratio. 

SiO,       36^86 

36-70 

36-78 

•613 

•613 

VOO 

33-47 

FeO         4^61 

4-89 

4-75 

•066^ 

6-01 

MnO        1-58 

1^67 

1-62 

-023  ^ 

•629 

ro2 

1^12 

MgO      21-44 

21-75 

21-60 

-540 

20-61 

CaO       34-23 

34-39 

34-31 

•613 

•613 

1-00 

36-26 

H,0          -97 

•93 

•95 

Ign 
PO 

2-29 

9*03 

Total    99-69 

100-33 

100^01 

A1.0. 

m 

•17 

99-96 

The  ration  of  SiO, :  (MgFeMn)O :  CaO  =  1^00 :  1*02 : 1  -00  is 
very  satisfactory,  and  gives  the  usually  accepted  formula 
CaMgSiO^  in  which  a  little  Mg  is  replaced  by  Fe  and  Mn.  A 
careful  test  was  made  for  P,0,  but  none  was  found,  and  un- 
doubtedly Genth's  material,  as  assumed  by  him,  was  contami- 
nated with  apatite.  From  the  crystal  from  which  the  material 
for  analysis  was  taken,  a  few  colorless  and  transparent  grains 
were  selected  which  when  heated  in  the  closed  tube  gave  only 
the  merest  trace  of  water,  the  pure  mineral  is  therefore  practi- 
cally anhydrous,  but  in  order  to  obtain  sufficient  material  for 
the  analysis  it  was  necessary  to  include  some  slightly  brownish 
grains,  and  these  were  permeated  with  cracks  along  which 
decomposition  had  commenced,  which  accounts  for  the  water. 

For  the  determination  of  the  optical  properties  a  single  crys- 
tal like  the  one  figured  by  Pirsson  was  used.  The  indices  of 
refraction,  determined  by  means  of  prisms,  are  as  follows :  for 
yellow  light,  Na,  a=  1-6505,  ;9:=  1-6616,  r=  1*6679, r  — a  = 
0^0174 ;  also  A  Li  =  1^6594:  and  ^,  Tl  =  1^6653.  The  optical  orien- 
tation is  a  =  c,  i  =  a,  and  c  =  b  as  in  chrysolite.  Tne  plane  of 
the  optical  axes  is  001  and  a  is  the  acute  bisectrix,  consequently 
the  double  refraction  is  negative.  The  dispersion  iap>  o  as  fol- 
lows :  2H,Li  =  75^  65',  2H,Na  =  75^  21',  and  2H,TI  =  74^  52. 
The  measurements  being  made  in  a-mono-bromnaphthalene, 
V.,Li  =  87^  51',  Va,Na  =  37°  31'  and  V.,TI  =  36'^  28',  while 
from  the  yalues  of  a,  ^  and  y  as  given  above  Va,Na  by  calcula- 
tion, was  found  to  be  37°  9'. 

Laboratory  of  Mineralogy  and  Petrography, 
Sheffield  Scientific  School,  New  Haven,  October,  1896. 
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I.    Chemistry  and  Physics. 

1.  Recent  investigations  on  hydrogen  peroxide. — Our  knowl- 
edge of  the  chemioal  nature  of  this  iDteresting  substance  was 
much  advanced  by  the  work  of  Traube,  chiefly  recorded  in  the 
*•  Berichte"  of  the  German  Chemical  Society  from  1882  to  18W. 
Traube  came  to  the  conclusion  that  hydrogen  peroxide  cannot 
poBsess  the  same  constitution  as  the  peroxides  of  manganese,  lead 
and  silver,  because  it  is  not  produced,  like  these,  at  the  anode  io 
electrolysis,  but  is  produced  along  with  hydrogen  at  the  kathode, 
especially  when  oxygen  is  blown  against  this  electrode.  He  con- 
siaered  it,  therefore,  not  an  oxidation-product  of  water,  but  a 
reduction-product  of  molecular  oxygen.  This  view  is  also  sop- 
ported  by  the  fact  that  hydrogen  peroxide  is  never  formed  by  the 
oxidation  of  hydrogen  by  nascent  oxygen  or  other  oxidizing 
agents,  while,  moreover,  it  reduces  all  the  powerful  oxidising 
agents  or  is  destroyed  by  them.  Traube  therefore  rejected  the 
generally  accepted  di-hydroxyl  formula,  HO.OH,  and  advanced 
the  view  that  the  substance  is  a  hydride  of  molecular  oxygen,  as 
expressed  by  the  formla  H[0:0]H. 

The  interest  taken  in  hydrogen  peroxide  has  been  considerably 
increased  since  Wolffenstein  showed  that  the  substance  coald 
be  purified  and  concentrated,  with  but  small  loss  through  decompo- 
sition, by  distillation  under  diminished  pressure,  (Berichte,  1894, 
3307).  To  perform  this  operation  it  is  necessary  that  the  solu- 
tion should  be  free  from  compounds  having  an  alkaline  reaction  as 
well  as  from  every  trace  of  salts  of  the  heavy  metals  and  from 
solid  substances  of  all  kinds.  Wolffenstein  recommends  a  simple 
distillation  of  the  commercial  3  per  cent  solution  under  a  pres- 
sure of  about  68"*"  for  the  production  of  small  quantities  of  the 
pure  solution.  For  larger  quantities  he  advises  evaporation  at 
ordinary  pressure  upon  the  steam-bath  until  a  concentration 
of  about  20  per  cent  is  reached,  then  concentration  under  dimin- 
ished pressure  to  50-55  per  cent,  after  that,  extraction  with 
ether  (Brtthl  considers  this  step  dangerous,  as  will  be  seen 
beyond),  and  finally  distillation  under  diminished  pressure.  By 
repeated  fractionation  he  obtained  a  product  which  boiled  at  84- 
86°  at  65™™,  and  which  contained  99*1  per  cent  of  the  sub- 
stance. 

Spring  (Zeitschr.  anorg.  ChenL,  viii,  424)  has  prepared  large 
quantities  of  hydrogen  peroxide  by  Wolffenstein's  method  and 
has  determined  some  of  its  physical  properties.  He  found  it  to 
have  a  blue  color  about  half-again  as  intense  as  that  of  water, 
and  concludes  that  this  fact  supports  Traube's  theory  concerning 
the  constitution  of  the  compound,  because  Olszewski  having 
shown  that  liquid  oxygen  has  a  blue  color  about  fifty  times  as 
strong  as  that  of  water,  he  concludes  that  oxygen  retains  more  of 
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original  properties  in  hydrogen  peroxide  than  in  water. 
Tins  concludes  also,  from  determinations  of  the  specific  heat 
hydrogen  peroxide,  that  the  potential  energy  of  the  elements 
not  completely  used  in  forming  this  compound. 
Bruhl  (Berichte,  1895,  2847)  has  recently  described  some 
portant  work  upon  the  subject  under  consideration.  Using 
olffenstein's  process,  usually  omitting,  however,  the  extraction 
th  ether,  he  has  prepared  hydrogen  peroxide  in  a  water-free 
odition.  The  boiling-point  of  his  purest  product  was  69*2*  at 
'°'°.  He  observed  that  the  distilled  substance  is  much  more 
ible  than  that  which  is  less  pure,  and  that  the  nearly  water- 
le  liquid  suffered  scarcely  any  decomposition  when  kept  cool 
d  in  a  dark  place  for  five  or  six  weeks.  Agitation  promotes 
composition,  as  does  also  an  increase  in  the  surface  with  which 
3  suDStance  is  in  contact.  Sharp  points  and  rough  surfaces 
ve  a  marked  action,  and  when  the  compound  is  brought  into 
Qtact  with  a  ground-glass  surface  the  decomposition  is  violent, 
.per,  cloth,  wool  and  asbestus  cannot  be  used  for  filtering  the 
Qcentrated  liquid  ;  in  fact,  wool  is  ignited  by  contact  with  a 
all  amount  of  it.  Gun-cotton  does  not  decompose  it  and  can 
used  for  its  filtration.  Brtlbl  considers  the  specific  gravity  of 
drogen  peroxide  as  the  best  criterion  of  its  purity.  The 
^hest  specific  gravity  which  he  obtained  was,  {^2^=  1*45 84,  while 
iquid  containing  99*48  per  cent  of  the  pure  substance,  accord- 
l  to  analysis,  had  a  density  of  1*4094.  He  experienced  no 
>able  from  explosions  when  solutions  were  concentrated  and 
rified  simply  by  evaporation  and  distillation,  but  some  material 
licb  had  been  repeatedly  treated  with  ether  gave  off  much  gas 
th  an  odor  of  ozone  upon  distillation,  and  an  oily,  colorless  resi- 
e,  which  did  not  volatilize  at  100^  was  left.  This  fluid,  amount- 
r  to  only  I  or  2^^  showed  but  slight  explosive  properties 
len  a  drop  of  it  was  conveyed  into  a  Bunsen  name  by  means  of 
)latinum  spatula;  but  when  a  glass  rod  with  a  sharplv  cut  end 
IS  brought  into  contact  with  the  remainder,  a  fearfully  violent 
plosion  took  place  which  caused  much  damage  in  the  labora- 
ry.  A  part  of  this  particular  sample  of  hydrogen  peroxide  had 
evioasly  caused  a  serious  explosion  in  Spring's  laboratory, 
tlhl  believes  that  the  explosive  compound  is  formed  by  the 
lion  of  hydrogen  peroxide  upon  ether,  but  nothing  is  as  yet 
own  concerning  its  composition. 

Having  determined  the  molecular  refraction  and  dispersion  of 
B  pure  hydrogen  peroxide,  with  the  result  that  the  numbers 
md  were  much  larger  than  those  calculated  for  di-hydroxyl, 
tlhl  concludes  that  the  oxygens  in  the  compound  must  have  a 
iltiple  linking  between  themselves.  This  conclusion  conforms 
bh  Traube's  formula,  H*0:0  H,  but  Brtlhl  objects  to  this  on 
$  gproand  that  neither  oxygen  nor  the  other  members  of  the 
ae  periodic  group  show  tri valence.  But  since  sulphur,  sele- 
m  and  tellurium  show  tetravalence,  and  since  there  is  already 
^and  for  supposing  the  existence  of  tetravalence  in  oxygen,  as. 
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for  example,  the  existence  of  Ag^O  and  HCI(CH,),0,  he  proposes 
the  formula  H*0  '  O'H.  The  author  calls  attention  to  the  aavan- 
tage  of  tetravalent  oxygen  in  explaining  the  constitution  of  carbon 
monoxide,  CjO,  but  he  recognizes  the  fact  that  this  involves  the 
assumption  of  unsaturated  oxygen  in  all  other  organic  compoaods 
containing  this  element.  He  believes,  however,  that  this  view 
presents  no  greater  difficulty  than  exists  at  present  in  regard  to 
trivalent  nitrogen  and  phosphorus  and  bivalent  sulphur. 

H.  L.  W. 

2.  On  the  co7iMitution  of  water  and  the  cause  of  its  power  of 
dissociation, — As  mentioned  in  the  preceding  notice,  Bbuhl  has 
advocated  the  existence  of  tetravalent  oxygen  in  hydrogen  per- 
oxide. He  believes  that  this  view  throws  new  light  upon  the 
constitution  and  the  behavior  of  water,  to  which  he  gives  the 

H'O'H,  considering  it  an  unsaturated  compound.  He  points  out 
that  water  shows  the  criteria  of  an  unsaturated  compound  id  a 
marked  degree,  since  nearly  all  bodies  combine  with  it,  inname^ 
able  hydrates  and  compounds  with  water  of  crystallization  exist, 
and  finally  it  is  the  most  general  solvent.  Ue  believes,  more- 
over, that  the  supplementary  valences  of  tetravalent  oxygen  are 
the  cause  of  ionization,  and  of  the  power  of  water  to  dissodate 
molecular  aggregations. — Berichte  deutsch.  Chem,  OeselLy  1895, 
2868.  H.  L.  w. 

3.  On  the  action  of  prolonged^  moderate  heating  upon  detona- 
ting gas, — Victor  Meyer  and  Wilhelm  Raum  have  investigated 
the  slow  combination  of  oxygen  and  hydrogen.  The  theoretical 
question  involved  was  the  view  advanced  by  the  representatives 
of  physical  chemistry,  that  a  substance  having  a  catalytic  action 
cannot  produce  a  reaction  which  is  not  already  existent,  and 
that  it  merely  increases  the  rapidity  of  such  a  reaction.  On 
this  assumption  hydrogen  and  oxygen,  which  combine  rather 
rapidly  at  500**,  must  combine  to  some  extent  at  ordinary  tem- 
peratures, even  though  this  action  may  be  so  slow  that  it  would 
require  hundreds  or  thousands  of  years  for  the  production  of  an 
amount  of  water  that  could  be  detected,  and  it  is  this  slow  action 
that  is  increased  to  great  rapidity  by  the  presence  of  a  catalytio 
agent,  such  as  finely  divided  platinum.  The  authors  have 
attacked  the  problem  by  finding  the  temperature  just  low  enoagh 
so  that  the  gases  do  not  react  appreciably  when  heated  for  several 
days,  then  greatly  prolonging  the  time  of  action  at  that  tempera- 
ture. It  was  found  that  at  300°  no  water  could  be  detected 
after  ten  days'  heating,  but  after  heating  uninterruptedly  for  65 
days,  water  was  found  to  have  been  lormed.  The  authors  con- 
clude from  their  results  that  the  reaction  under  consideration  is 
retarded  but  not  stopped  by  lowering  the  temperature  and  that 
the  assumption  of  action  at  ordinary  temperatures  is  justified. 
— Berichte  deutsch.  Chem,  GeselL^  xxviii,  2804.  h.  l.  w. 

4.  The  absorption  of  nitrogen  by  metallic  lithium  in  the  cold,- 
It  has  been  found  by  H.  Deslandbes  that  the  combination  of 
nitrogen  and  lithium  takes  place  more  readily  than  has  been  snp- 
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posed.  He  states  that  the  two  elements  combine  in  the  cold  in  a 
manner  analogous  to  the  slow  absorption  of  oxygen  by  phos- 
phorus. The  absorption  is,  moreover,  complete,  for  when  the 
operation  is  performed  in  a  closed  tnbe,  the  spectral  bands  char- 
acteristic of  nitrogen  absolutely  disappear.  The  blackish  tarnish 
produced  upon  the  surface  of  metallic  lithium  by  exposure  to  the 
air  appears  to  prevent  the  action,  hence  a  fresh  surface  is  neces- 
sary.—  Compt,  HencLy  cxxi,  886.  h.  l.  w. 

5.  Tlie  decomposition  of  silicates  by  boric  acid, — In  a  prelimi- 
nary notice,  P.  Jannasch  states  that  he  and  H.  Heidenreich 
have  found  the  decomposition  of  silicates  for  analysis  has  been 
accomplished  with  entire  success  by  the  use  of  boric  acid.  For 
this  purpose  1*  of  the  finely  pulverized  silicate  is  mixed  with  6 
or  6  pans  of  the  previously  dehydrated  acid,  then  the  mixture  is 
strongly  ignited  for  15  or  20  minutes.  The  resulting  fusion  is 
then  almost  completely  soluble  in  hot  water  and  alcohol,  or  a 
considerable  quantity  of  flocculent  silicic  acid  may  be  left  undis- 
solved. This  solution  is  now  evaporated  to  dryness,  and  the 
evaporation  is  repeated  after  the  addition  of  methyl  alcohol  and 
strong  hydrochloric  acid,  in  accordance  with  the  observation  of 
Goocb  concerning  the  volatility  of  methyl  borate.  The  author 
states  that  a  series  of  exact  silica  determinations  have  been 
carried  out  by  this  method,  and  he  recommends  it  as  much  more 
simple  and  expeditious,  for  the  analysis  of  insoluble  silicates  in 
general,  than  the  lead  carbonate  method  which  has  been  recently 
advocated  by  him. — Bericht  deutsch,  Chem,  Ge^elL^  xxviii,  2822. 

6.  Lighting^  Vol.  II  ot  Chemical  Technology,  edited  by 
Gbovbs  and  Thorp,  8vo,  pp.  398,  Philadelphia.  1895,  (P.  Blak- 
iston,  Son  &  Co.  $4.00).— The  present  volume  is  an  elaborate 
work  on  applied  chemistry  dealing  with  fats  and  oils,  the  stearine 
industry,  candle  manufacture,  the  petroleum  industry  and  lamps. 
The  subjects  are  treated  ver}'  thoroughly  and  comprehensively, 
and  the  book  is  supplied  with  profuse  illustrations  of  excellent 
character.  A  subsequent  volume  will  take  up  the  subjects  of  gas- 
lighting,  electric  lighting,  etc.  h.  l.  w. 

7.  Movable  Light  phenomena  in  rarified  gases  occasioned 
iy  JSlectrical  08cillatio7is.^J.  Elster  and  H.  Geitel  in  the 
course  of  an  investigation  on  kathode  ravs,  observed  a  remarkable 
movement  of  the  kathode  rays  which  evidently  was  due  to  a  wave 
motion.  They  employed  a  step-up  transformer  connected  with 
an  alternating  machine  to  produce  the  electrical  discharges  and 
modified  Lenard's  kathode  ray  apparatus  in  certain  respects. 
The  kathode  rays  could  apparently  be  formed  in  the  rarified 
chamber  as  if  they  proceeded  from  an  electrode  in  the  rarified 
media,  entirely  apart  irom  the  metallic  kathode.  The  streams 
could  be  made  to  extend  from  one  portion  of  the  glass  wall  of 
the  Geissler  tnbe  in  a  bent  form  to  another  portion.  The  authors 
conclude  from  their  experiments  that  the  kathode  rays  are  due 
not  to  matter  repelled  from  the  electrode  but  to  movements 
of  the  ether. — Ann.  der  Physik  und  ChemiCy  No.  12,  1895. 

J.  T. 
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8.  Ratio  bettteen  the  Electrostatic  and  Electromagnetic  units.-^ 
M.  D.  HuBMUzEscA  in  his  measures  employed  MaxwelPs  method 
in  which  an  electrostatic  attraction  is  balanced  by  an  electro- 
dynamic  repulsion.  The  difference  of  potential  at  the  ends  of  a 
resistance,  R,  was  measured  by  an  absolute  electrometer,  and  the 
current  through  this  resistance  by  an  electro-dynamometer,  the 
movable  coil  of  which  was  attached  to  the  lever  which  carried  the 
movable  portion  of  the  electrometer.  The  value  obtained  was 
V=3-0005  X 10'"  and  V=3-0020x  10*".  The  author  believes  that 
the  measurements  of  the  electrical  dimensions  are  correct  to  one 
part  in  three  thousand,  and  that  the  accuracy  in  the  determina- 
tion of  y  is  controlled  by  that  of  the  determination  of  the  ohm. 
—  Comptea  Rendua^  Dec.  2,  1895.  jr.  t. 

9.  Discharges  of  Electricity  through  Oases. — If  the  diachar^ 
tube  is  surrounded  by  water,  alcohol,  turpentine  and  other  media 
the  discharge  no  longer  takes  place.  This  effect  is  not  due  to 
conduction.  If  a  point  electrified  by  a  Holtz  machine  is  moved 
near  the  tube  the  discharge  is  facilitated,  and  the  discharges 
take  place  under  atmospheric  pressure. — Ann,  der  Physik  und 
Chemitj  No.  12,  1895,  pp.  700-716.  j.  t. 

10.  Double  Refraction  of  Electric  Waves. — R.  Mack  proves 
that  the  electric  rays  through  wood  undergo  double  refraction, 
and  that  these  rays  travel  with  different  velocities.  The  valaee 
obtained  for  the  indices  of  refraction  were  N,  =  l*76  and  N,= 
2-15. — Ann.  der  Phyaik  und  ChemiCy  No.  12,  1895,  pp.  717-732. 

J.  T. 

11.  Relation  between  the  atom  and  the  charge  of  Electricity 
carried  by  it. — Prof.  J.  J.  Thomson,  in  the  course  pf  an  import- 
ant paper,  illustrates  the  phenomena  in  the  electric  field  in  wnich 
the  movement  of  the  atoms  take  place  by  various  mechanical  and 
hydrodynamical  analogies.  In  the  course  of  his  investigation  he 
employed  the  transformer  of  Elihu  Thomson,  which  consists  of  a 
species  of  secondary  Ruhmkorf  coil,  the  primary  of  which  is  con- 
nected in  circuit  with  Leyden  jars,  the  spark  of  which  is  blown 
out.  The  blowing  out  apparatus  serves,  so  to  speak,  as  the  break 
for  the  secondary  of  few  turns  wound  on  this  primary.  In  tbis 
way  intense  electromotive  force  can  be  obtained.  The  author 
discusses  the  question  of  the  relative  velocities  of  the  negative 
and  positive  atoms,  and  shows  that  if  the  negative  atoms  move 
more  quickly  than  the  positive,  then  in  a  discharge  tube  in  a 
steady  state,  the  pressure  at  the  positive  electrode  most  be 
higher  than  that  at  the  negative.  In  the  case,  for  instance,  of  a 
tube  1™"  in  diameter,  10*^™  in  length,  filled  with  hydrogen  at  a 
pressure  of  one  ten-thousandth  of  an  atmosphere,  and  conveying 
a  current  of  one  ten-thousandth  of  an  ampere,  supposing  the 
velocity  of  the  negative  atom  to  be  much  greater  than  that  of  the 
positive,  the  pressure  at  the  positive  electrode  would  exceed  that 
at  the  negative  electrode  by  about  twenty  per  cent. — Phil.  Jdag.^ 
Dec.  1895,  pp.  511-544.  j.  T. 
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12.  The  duration  oj  Electrical  Shadows  with  solid  and  fluid 
insulators. — Electrical  shadows  produced  by  the  brush  discharge 
of  the  conductor  of  a  Holtz  machine  were  first  noticed  by  Professor 
A.  W.  Wright,  who  used  as  the  shadow-giving  bodies  the 
finger,  wire  gratings,  paper  and  cork.  Holtz  has  also  worked 
upon  this  subject,  and  used  for  one  electrode  a  metallic  point, 
and  for  the  other  a  circular  metal  plate  which  was  covered  with 
a  thin  layer  of  silk.  The  point  can  be  made  positive  or  negative. 
One  can  consider  the  space  between  both  electrodes  as  a  field  of 
electric  force,  the  force  lines  of  which  are  made  visible  by  the 
brush  discharge.  The  electric  force  in  this  field  is  not  of  the 
same  strength,  being  greatest  along  the  shorter  line  between  the 
point  and  the  plate.  When  one  brings  a  dielectric  into  this  field, 
an  electric  polarization  occurs  between  the  smallest  particles,  or 
according  to  Maxwell's  theory,  a  displacement  current  arises. 
The  work  expended  in  causing  these  polarization  or  displacement 
effects  produces  the  shadows.  The  duration  of  the  electric 
shadows  measures  the  time  of  the  setting  up  of  the  polarization 
effects  or  the  duration  of  the  displacement  cuiTents  in  the 
dielectric.  Quincke  has  measured  this  element  of  time  with  a 
large  number  of  dielectrics.  There  does  not  seem  to  be  a  simple 
relation  between  the  duration  of  the  electric  shadows  and  the 
dielectric  constants. — Sitzungsherichte  der  Academic  der  Wlssen- 
scha/ten^  Berlin,  May  30,  1895.  j.  t. 

1 3.  A  laboratory  Course  of  Experimental  Physics  /  by  W.  J. 
Loudon  and  J.  C.  McLennan.  8vo,  302  pp.  New  York  and 
London,  1895  (Macmillan  and  Co.). — The  present  volume  is  the 
result  of  the  experience  of  the  authors  at  the  University  of 
Toronto  in  their  efforts  to  provide  a  suitable  course  in  experi- 
mental physics  for  a  large  college  class.  The  difficulties  that  they 
have  met  with  and  try  here  to  overcome  are  such  as  many  teachers 
encounter  elsewhere  and  the  latter  cannot  fail  to  be  benefited 
by  their  work.  The  volume  is  divided  into  two  parts.  The  first 
is  elementary  and  gives  such  experiments  as  can  be  performed  by 
beginners,  and  which  require  only  a  knowledge  of  elementary 
mathematics.  The  second  part  is  for  advanced  students  and  in- 
volves a  ready  familiarity  with  the  use  of  the  Calculus.  In  the 
first  portion  are  given  the  experiments  dealing  with  the  depart- 
ments of  hydrostatics,  gases  and  light,  while  those  belonging  to 
acoustics,  heat  and  electricity  are  introduced  in  the  second  part. 
Some  teachers  may  find  it  advantageous  to  deviate  from  this  rather 
arbitrary  order  of  subjects.  The  work  as  a  whole  has  been  very 
well  carried  through  and  is  a  valuable  addition  to  the  available 
text-books  in  this  department. 

14.  Terrestrial  Magnetism,  An  international  quarterly  journal 
published  under  the  auspices  of  the  Ryerson  Physical  Laboratory, 
A.  A.  Michelson,  Director.  Edited  by  L.  A.  Bauer.  Vol.  I,  No. 
1.  Chicago  (The  University  of  Chicago  Press.  Two  dollars  a  year). 
—This  new  journal  is  to  be  devoted  exclusively  to  terrestrial 
magnetism   and  its  allied   subjects,  as   earth  currents,  auroras, 
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atmospheric  electricity,  etc.  It  thus  fills  a  place  never  occapied 
before  and  it  may  be  safely  predicted  that  under  the  able  editor- 
ship of  Dr.  L.  A.  Bauer,  who  has  himself  made  notable  original 
contributions  to  terrestrial  magnetism,  it  will  do  much  to  stimu- 
late research  and  observation  in  this  important  but  difficult  braDcb 
of  science.  The  editor-in-chief  will  be  aided  by  a  large  number 
of  associates,  both  in  this  country  and  abroad.  The  opening 
number  contains  the  following  articles  (pp.  1-28) :  On  electric 
currents  induced  by  rotating  magnets  and  their  application  to 
some  phenomena  of  terrestrial  magnetism,  A.  Schuster;  die 
Vertheilung  des  erdraagnetischen  Potentials  in  Bczng  auf  belie- 
bige  Durchmesser  der  Erde,  A.  Schmidt,  Gotha ;  Ilalley's  earliest 
equal  variation  chart,  reproduced  in  fac-simile  for  the  first  time 
from  a  photograph  furnished  by  Thos.  Ward,  Esq.,  of  the  chart  in 
his  possession,  text  by  L.  A.  Bauer.  The  remainder  of  the  num- 
ber, pp.  28-54,  is  occupied  by  letters  to  the  editors,  notes,  re- 
views, etc. 

II.    Geology  and  Mineralogy. 

1.  U,  S,  Geological  Survey,  16th  Annual  Heport  of  the 
Director,  Chas.  D.  Walcott. — The  present  director  of  the  United 
States  Geological  Survey  has  succeeded  in  presenting  in  printed 
form  to  the  Secretary  of  the  Interior  at  the  opening  of  Congress  in 
December  a  report  of  the  operations  of  the  survey  for  the  year  end- 
ing June  30,  1895.  Although  no  radical  changes  either  in  policy 
or  personnel  were  made  by  the  new  administration  of  the  survey, 
a  few  changes  have  been  made  in  the  way  of  development  of  its 
usefulness.  Among  these  changes  may  be  noted  the  raising  of  the 
quality  of  the  topographic  maps  and  adding  the  representation 
on  the  maps  hereafter  surveyed  in  the  public-land  States  of  the 
land-subdivisions ;  the  planning  of  a  system  of  triangalation  to 
supplement  that  already  done  by  the  Coast  and  Geodetic  Survey 
and  by  the  Geological  Survey  ;  the  placing  of  the  entire  topogra- 
phic force  within  the  classihed  service,  so  as  to  limit  all  appoint- 
ments to  men  whose  qualifications  have  been  tested  by  an  impar- 
tial and  thorough  examination;  the  obtaining  of  authority  to  print 
the  mineral  resources  as  a  part  of  the  annual  report ;  and  several 
other  important  changes.  The  appropriation  for  the  work  of  the 
survey  was  $421,600,  and  in  the  appropriation  act  separate  sums 
were  set  apart  for  the  separate  departments  of  the  survey.  There 
was  in  addition  the  appropriation  for  printing  which  was  com- 
mitted to  the  public  printer — and  the  salaries  of  the  director  and 
his  staff  of  immediate  helpers  and  office  needs  were  provided  for  by 
a  separate  act — thus  limiting  the  discretionary  powers  of  the 
administration  but  giving  it  a  more  compact  ana  business-like 
organization.  The  internal  work  of  the  survey  is  more  minutely 
divided  than  it  was  in  former  years,  giving  each  field  party 
responsibility  for  its  own  work,  and  each  geologist  now  reports 
directly  to  the  director  of  the  survey.     The  work  of  the  survey  is 
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stributed  in  four  groups,  Geologic,  Topographic,  Publication  and 
dministration.  Under  the  geologic  branch,  there  are  the  divis- 
na  of  Geology,  Paleontology,  Chemistry,  Hydrography  and 
iineral  Resources.  The  division  of  geology  was  conducted  by 
^enty-six  field  parties,  each  party  in  charge  of  a  geologist  or 
distant  geologist  who  reported  directly  to  the  director.  Some 
•  the  results  reached  during  the  year  are  the  following  :  The 
laler  party  in  New  England  have  developed  the  facts  regarding 
le  coal  field  in  Rhode  Island  and  made  experiments  tending 
>  prove  a  practical  use  for  the  large  stores  of  anthracite  of  this 
fgion — ^also  a  report  on  the  road-building  stones  of  Massachu- 
(tts  will  appear  in  the  accompanying  documents.  The  Dale 
irty  was  engaged  in  mapping  the  areal  geology  of  the  roofing- 
ate  belt  of  New  York  and  Vermont.  Valuable  scientific  inform- 
.ion  regarding  the  Devonian  and  Silurian  rocks  was  developed 
jr  the  Willis  party  working  at  the  coal  regions  of  West  Virginia 
id  Maryland.  The  Campbell  party  developed  the  fact  that  in 
le  extension  of  the  Pottsville  coal  series  of  Pennsylvania  south- 
ard into  West  Virginia  the  series  itself  was  increased  bv  the 
Idition  of  lower  beds.  The  Hayes  party  have  done  much  m  the 
ennessee,  Georgia  and  Alabama  regions  to  increase  the  knowl- 
Ige  of  the  coals,  iron  ores,  manganese,  bauxite  and  phosphate 
jds  of  this  region.  The  R.  D.  Lacoe  collection  of  carboniferous 
»al  plants  recently  presented  to  the  National  Museum  by  its 
aker  is  of  great  value  and  has  engaged  part  of  Mr.  David 
White's  time  during  the  year,  he  reports  it  as  containing  upward 
■  80,000  specimens  of  paleozoic  plants.  Its  scientific  value  is 
reat,  as  it  contains  nearly  two-thirds  of  the  original  specimens 
jhcribed  and  figured  from  the  carboniferous  flora  of  the  United 
:ate8.  The  Georgia  and  Carolina  gold  belt  was  examined  by 
le  Becker  party,  notice  of  the  results  has  already  appeared  in 
ese  pages.  The  Van  Hise  party  were  working  in  the  Lake 
iperior  region ;  in  their  survey  they  used  successfully  the  mag- 
'tic  needle  in  tracing  the  connection  between  the  Marquette  and 
jcbigarame  iron-bearing  formations  over  an  area  where  the 
:po8ure8  were  very  rare.  Mr.  Gilbert's  party  have  done  great 
rvice  in  the  Colorado  region  by  determining  the  depth  and 
>8]tion  of  strata  which  are  likely  to  furnish  successful  artesian 
ell  supplies.  Mr.  Hill's  party  in  Texas  sent  in  some  pure  white 
talk  from  the  Cretaceous  of  that  region  for  illustration  of  this 
•ck  from  the  United  Slates. 

Mr.  Emmons  carried  on  laborious  and  extensive  underground 
laminations  of  the  mines  of  the  Loadville  region  in  the  prepara- 
>n  of  a  supplementary  report  on  this  important  mining  district. 
e  reports  the  probability  of  developments  of  new  gol^  deposits 
ong  the  contacts  between  the  porphyry  and  limestones,  but  on 
ioount  of  the  great  irregularity  of  the  porphyry  intrusions  it  is 
ipossible  to  locate  exactly  where  the  deposits  will  occur.  Valu- 
»le  results  are  also  reported  from  the  examination  of  the 
qairrh  mountain  range  of  Utah.     Gold  and  silver  being  found 
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beneath  thin  sheets  of  eruptive  rock  occapying  a  geolc^c 
horizon  which  is  probably  at  the  base  of  the  carboniferous  Xxmt- 
stone.  The  Cripple  Creek  gold  district  was  examined  and 
reported  on  by  Mr.  Cross,  and  the  ore  deposits  were  studied  by 
Prof.  Penrose.  An  important  work  has  been  done  by  Mr.  DiUer 
in  the  preparation  of  the  educational  series  of  rocks.  The  wo^ 
is  far  advanced  and  with  the  accompanying  bulletin  the  speci- 
mens are  expected  to  be  soon  ready  for  distribution.  Other 
valuable  results  have  been  accomplished  by  the  Weed  aod 
Eldridge  parties  in  the  Rocky  mountains;  by  the  Cbamberlin 
party  on  glacial  deposits;  by  the  Turner,  Lindgren  and  Law- 
son  parties  in  the  Pacific  region.  The  director  personally  made 
a  wide  reconnaissance  survey  over  the  mining  fields  of  the  west- 
ern United  States;  thus  bringing  the  survey  in  touch  with  a 
large  number  of  persons  taking  a  vital  interest  in  its  proceedings 
The  Paleontological  division  was  cramped  in  its  work  by  Uie 
small ness  of  appropriations  but  several  parties  were  in  the  field 
and  work  already  begun  was  continued  with  as  much  vigor  u 
was  possible  under  the  circumstances. 

The  division  of  Hydrography  is  the  continuation  of  the  work 
originally  assigned  to  the  irrigation  division  of  the  survey  of  188S, 
and  its  investigations  are  now  confined  to  questions  of  water 
supply  for  the  arid  region  including  the  location  and  the  volume 
of  rivers.  The  work  has  been  chiefly  done  under  the  charge  of 
Mr.  Newell;  and  investigations  have  been  carried  on  during  the 
year  in  the  States  of  Arizona,  California,  Colorado,  Idaho,  Kansas, 
Montana,  Nebraska,  Nevada,  New  Mexico,  N.  and  S.  Dakota, 
Oregon,  Texas,  Utah,  Washington,  Wyoming  and,  to  some 
extent,  in  the  Eastern  States. 

The  "  Mineral  Resources  of  the  United  States  **  prepared  by  Dr. 
Day  will  hereafter  appear  as  a  part  of  the  Director's  Annual 
Report,  it  will  constitute  parts  iii  and  iv  of  the  present  annual 
report. 

The  organization  of  the  topographic  branch  has  been  radicallj 
changed.  It  is  now  consolidated  under  the  name  of  topographic 
branch  of  the  survey  under  the  charge  of  Mr.  Gannett,  with  two 
divisions,  one  of  triangulation  and  the  other  of  topography,  aod 
the  work  is  classified  by  region  into  four  sections,  as  the  Atlantic, 
Central,  Rocky  mountain  and  Pacific  sections.  The  work  has 
been  pushed  forward  with  renewed  energy  and  precision. 

The  other  departments  of  the  survey  are  alike  in  admirable 
organization,  and  the  report  presents  a  thoroughly  business-like 
account  ol  its  work,  which  indicates  that  the  survey  has  lost  none 
of  the  admirable  qualities  of  its  former  administration,  and  that 
its  director  is  as  excellent  an  executive  as  geologist.        H.  s.  w. 

2.  U,  S,  Geological  Survey  ;  recent  /*?/^/»ca^iow«.— The  follow- 
ing portions  of  the  sixteenth  annual  report  have  already  appeared: 
Sixteenth  Annual  Report  of  the  Director^  1894-95  ^  by  Charles 
D.  Walcott,  4°,  pt.  I,  pp.  130,  pi.  i.     The  operations  and  resolts 
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)f  the  geologic  work  are  briefly  bat  comprehengively  described.* 
Fhe  condition  and  progress  of  the  topographic  work  are  illustrated 
by  a  general  map. 

A  Oeological  Reconnoiasance  across  Idaho ;  by  George  H. 
Bldridge,  pt.  II,  pp.  66,  3  pi.,  4  figs.  Between  Salmon  City  and 
Boise  ten  formations  besides  a  great  variety  of  ernptive  rocks 
are  noted.  The  granites  and  syenites,  in  part  at  least,  are  prob- 
ably Archaean  ;  the  schists  are  Algonkian.  Qaartzites  are  dis- 
tribnted  from  the  Algonkian  to  the  Carboniferous,  while  the 
limestones  may  include  both  Silurian  and  Carboniferous.  The 
age  of  the  great  calcareous  shale  series  of  the  Wood  River  dis- 
trict 18  undoubtedly  Paleozoic  and  probably  Carboniferous.  The 
sandstones  and  clays  are  all  of  Tertiary  age  and  Post-Pliocene 
gravels  are  abundant.  In  the  Continental  divide  the  structure  is 
aQticlinal,  trending  northwest  and  southeast,  but  at  some  other 
points,  especially  m  the  western  part  of  the  state,  the  structure 
lines  trend  east-northeast. 

Mineral  Resources  of  the  United  States  ;  by  David  T.  Day, 

L  III,  Metallic  Products,  646  pp.,  13   pi.,  9  figs.,  and  pt.  IV, 

on-metallic  Products,  735  pp.,  6  pi.  By  an  act  of  Congress  the 
reports  on  mineral  resources,  which  were  heretofore  published  in 
separate  volumes,  are  now  included  in  the  annual  report  of  the 
director  but  the  parts  are  bound  separately.  Most  of  the  37 
articles  contained  in  these  parts  are  of  a  statistical  nature,  but 
«ome  of  them,  as  for  example  Reconnaissance  of  the  Gold  Fields 
of  the  Southern  Appalachians  by  G.  F.  Becker  (see  this  Journal 
for  Jan.  1896,  p.  57),  and  Bauxite  by  C.  W.  Hayes,  pt.  Ill,  p. 
547,  contain  valuable  contributions  to  economic  geology.f 

A  Mineralogical  Lexicon  of  Franklin^  Hampshire  and  Hamp- 
dm  Counties^  Massachusetts  ;  by  B.  K.  Emerson.  Bulletin  No. 
126,  8vo,  180  pp.,  1  pi.,  5  figs.  This  bulletin  gives  a  condensed 
history  of  each  mineral  species  occurring  within  the  area  indi- 
cated and  is  conveniently  arranged  for  reference. 

Tfie  Bear  River  Formation  and  its  characteristic  Fauna  ;  by 
C.  A.  White.  Bulletin  No.  128,  8vo,  108  pp.,  11  pis.  Its  fauna, 
vhich  is  non-marine,  consisting  of  48  species,  is  fully  illustrated 
ind  described.  The  position  of  the  formation  is  designated  as  at 
)r  near  the  base  of  the  Upper  Cretaceous  series,  thus  correcting 
earlier  opinions  and  confirming  the  author's  suggestion  as  well  as 
he  investigations  of  T.  W.  Stanton,  who  published  an  article 
ipon  the  same  subject  in  this  Journal,  III,  vol.  xliii,  pp.  98-115. 

Earthquakes  in  California  in  189Jf  /  by  C.  D.  Perrine.  Bul- 
etin  No.  129,  8vo,  23  pp. 

Report  of  Progress  of  the  Division  of  Ht/drography  for  the 
^lendar  years  1893  and  189 J^ ;  by  F.  H.  Newell.  Bulletin 
No.  131,  8vo,  126  pp.  J.  s.  D. 

*  See  the  precediof?  review. 

\  Six  papers  in  part  I  of  the  Sixteenth  Annual  Eleport  and  five  in  part  II  are 
yet  to  appear  and  will  be  noticed  when  issued.  Parts  III  and  IV  are  now  com- 
plete. 

A.M.  Jour.  Sol— Foubth  Series,  Vol.  I,  No   2  —February,  1896 
10 
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3.  Geology  of  the  Green  Mountains  in  Massachusetts;  by 
Raphael  Pumpelly,  J.  E.  Wolff,  and  T.  Nelson  Dale  (U.  S. 
Geol.  Survey  Monograph,  vol.  xxiii,  1894),  pp.  i-xiv,  1-206,  pk 
1-23. — This  monograph  is  the  result  of  thorough  iDvestigatioos 
of  the  structure,  petrography  and  minute  texture  of  the  rocks  of 
a  most  difficult  metamorphosed  region,  which  were  beguD  in 
1885,  and  although  the  grander  features  of  the  interpretation  were 
substantially  reached  in  1888,  later  studies  have  enabled  the 
authors  to  correct  and  confirm  the  interpretations  as  now  pub- 
lished. 

The  monograph  is  composed  of  three  separate  parts ;  the  first, 
by  Raphael  Pumpelly,  defines  the  nature  ol  the  problems  involved, 
and  their  importance  and  bearing  in  bridging  over  from  the  dis- 
crete formations  in  the  western  undisturbed  regions  to  the  tbor 
oughly  metamorphosed  schists  of  the  more  eastern  areas  of  Kev 
England.  The  chief  difiScuIties  lay  in  the  correlation  of  the  con- 
tinuous series  of  metamorphosed  schists  of  the  Iloosac  mountain 
series  with  the  series  of  conglomerates,  limestones  and  schists  of 
the  Graylock  area.  Regarding  the  lower  members  of  the  series, 
Mr.  Pumpelly  interprets  the  "transitional  coarse  gneisses''  to  be 
the  result  of  a  Cambrian  transgression.  He  imagines  the  Cam- 
brian transgression  to  have  'found  an  Archaean  elevation,  forming 
the  western  border  of  an  Archajan  dry  region,  and  that  the  rocb 
of  this  dry  area  had  become  disintegrated  the  products  varied 
from  kaolin  and  quartz  to  semi-kaolinized  material,  and  the 
detritus  of  sand  and  pebbles  arising  from  this  disintegrated 
material  was  deposited  with  varying  proportions  of  its  constitu- 
ents in  a  continuous  sheet  in  progressive  "  transgression  "  over 
the  previously  dry  land.  Thus  quartzite  in  one  place  is  inter- 
preted as  of  the  same  horizon  as  the  gneiss  in  another.  The  white 
gneisses  and  conglomerates  of  Hoosac  mountain  are  correlated 
with  the  Cambrian  quartzite,  the  albitic  schists  of  Hoosac  moan- 
tain  with  both  the  limestone  and  schist  of  the  valley.  The 
metamorphism  of  the  Paleozoic  rocks  is  interpreted  as  intimately 
connected  with  the  folding  which  the  rocks  of  the  whole  region 
have  suffered ;  but  while  structural  differences  are  so  explained, 
differences  in  composition  are  explained  by  the  exceptional  char- 
acter of  the  original  sediments. 

The  second  part,  by  J.  E.  Wolff,  "  The  Geology  of  Hoosac 
Mountain  and  adjacent  Territory,"  gives  a  petrographic  descrip- 
tion of  the  rocks,  with  beautiful  photo-reproductions  of  the  struc- 
tures of  the  raetamorphic  conglomerates,  the  albitic  schists,  the 
Stockbridge  limestone  and  the  amphibolites,  together  with  8 
detailed  elaboration  of  the  structural  geology  of  the  region. 
Although  this  author  concludes  that  the  metamorphic  rocks  are 
chiefly  of  delrital  origin,  he  is  not  prepared  to  say  that  the 
granitoid  gneiss  is  an  altered  sediment. 

Mr.  Dale's  paper.  Part  HI,  "Mount  Graylock;  its  areal  and 
structural  geology,"  is  particularly  interesting  for  its  application 
of  a  microscopic  study  of  the  structure  of  the  foliation  of  the 
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rocks  to  the  interpretation  of  the  original  planes  of  sedimentation, 
and  therefrom  their  present  deformation.  The  author  says  **the 
key  to  the  structure  is  in  the  distinction  between  cleavage  folia- 
tion and  stratification.'^  He  has  not  only  recognized  means  of 
detecting  these  latter  by  the  former,  but  has  produced  beautiful 
illustrations  of  the  principal  types  of  the  phenomena,  and  has 
formulated  a  number  of  general  rules  for  their  practical  applica- 
tion which  have  served  him  in  interpreting  the  original  strati- 
graphical  sequence  and  their  present  structural  relations  of  the 
Graylock  mountain  series.  His  paper  is  further  enriched  by 
numerous  plates  illustrating  the  topography  and  geological  sec- 
tions of  the  region. 

The  three  papers  together  constitute  a  valuable  illustration  of 
modem  methods  of  conducting  geological  correlation  in  regions 
where  fossils  fail  and  original  structure  is  masked  by  later 
metamorphisra.  h.  s.  w. 

4.  The  Geological  Society  of  America. — The  eighth  annual 
meeting  was  held  in  Philadelphia,  Pa.,  besjinning  Thursday, 
December  26,  1895,  in  the  Art  Department,  University  of  Penn- 
sylvania. The  officers  of  the  Society  elected  for  the  year  1896 
are  as  follows:  President,  Joseph .  LeConte,  California;  First 
Vice-President,  Charles  H.  Hitchcock,  New  Hampshire ;  Second 
Vice-President,  Edward  Orton,  Ohio ;  Secretary,  II.  L.  Fairchild, 
New  York;  Treasurer,  I.  C.  White,  West  Virginia;  Editor, 
J.  Stanley-Brown,  Washington,  D.  C. ;  Councilors,  B.  K. 
Emerson,  Amherst,  Mass.,  J.  M.  Safford,  Nashville,  Tenn. 

At  the  opening  session  memorials  of  the  four  fellows  whose 
death  occurred  during  the  past  year  were  read.  The  memorial  of 
James  D.  Dana  was  prepared  by  Joseph  LeConte,  that  of  Henry 
B.  Nason  by  T.  C.  Chamberlin,  that  of  Albert  E.  Foote  by 
George  F.  Kunz,  and  that  of  Antonio  del  Castillo  by  Ezsquiel 
Ordonez. 

At  the  several  sessions  the  following  papers  were  presented  : 

Geobge  p.  Merrill:  DisintegratioD  and  decomposition  of  diabase  at  Med- 
ford,  Mass. 

Charles  R.  Ketes  :  The  ^ographic  relations  of  the  granites  and  porphyries 
in  the  eastern  part  of  the  Ozarks. 

J.  F.  Kkmp  :  Illustrations  of  the  dynamic  metamorphism  of  anorthosites  and 
related  rocks  in  the  Adirondacks. 

N.  S.  Shaler:  The  importauce  of  volcanic  dust  and  pumice  in  marine  deposits ; 
The  relations  of  geologic  science  to  education  (Presidential  address). 

L.   V.  PiRSSON :  A  needed  term  in  petrography. 

John  J.  Stevenson:  The  Cerrillos  coal  field  of  New  Mexico. 

W.  M.  Davis:  Note  on  the  outline  of  Cape  Cod ;  Plains  of  marine  and  sub- 
i^rial  denudation. 

F.  P.  Guluver:  Cuspate  fore-lands. 

M.   R.  Campbell:  Drainage  modifications  and  their  interpretation. 

N.  H.  Darton  :  Some  fine  examples  of  stream  robbing  in  the  Catskill  Moun- 
tains ;  Notes  on  relations  of  lower  members  of  coastal  plain  series  in  South 
Cbiolina ;  Resum^  of  general  stratigraphic  relations  in  the  Atlantic  coastal  plain 
from  New  Jersey  to  South  Carolina. 

Robert  Bell  :  Proofs  of  the  rising  of  the  land  around  Hudson  Bay. 

C.  B.  Van  Hiss  :  Movements  of  rocks  under  deformation. 
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Alfred  C.  Lane  :  Possible  depth  of  mioing  and  boring. 

Uarrt  Fif-XDiNa  Reid:  Notes  od  glaciers. 

Frank  Leverett:  The  relation  between  ice  lobes,  south  from  the  Wieconrin 
driftless  area ;  The  loess  of  western  Illinois  and  southeastern  Iowa. 

G.  Frederick  Wright:  High  level  terraces  of  the  middle  Ohio  and  itstribo- 
taries. 

H.  L.  Faihchild:  Four  great  kame  areas  of  western  New  York. 

Warren  Upuam  :  Preglacial  and  postglacial  channels  of  the  Cuyahoga  and 
Rocky  rivers. 

(5.  H.  Hitchcock:  Paleozoic  terranes  in  the  Connecticut  valley. 

C.  WiLLARD  Hayes:  The  Devonian  formations  of  the  southern  AppalachtiDS. 

T.  C.  Chamberlin  :  The  Natchez  formations. 

Abthur  Keith:  Some  stages  of  Appalachian  erosion. 

5.  The  Cerrillos  Coal  Field;  by  John  J.  Stevenbok. 
(Abstract  of  a  paper  presented  at  the  winter  meeting  of  the  Geo- 
logical Society  of  America.) — This  paper  describes  a  small  por- 
tion of  the  area  formerly  known  as  the  Placer  coal  field,  soaUi 
Irom  the  Rio  Galisteo  and  about  25  or  30  miles  soatb  from  Saota 
Fe,  New  Mexico.  The  only  rocks  within  this  area  are  Laramie 
and  Eruptive.  The  latter  proceed  from  the  laccolite  known  as 
the  Placer  or  Ortiz  mountains  and  occur  in  two  sheets  separated 
by  about  400  feet  of  Laramie  beds.  These  sheets,  each  about 
200  feet  thick,  are  intruded  between  the  stratified  rocks  and 
follow  their  dip  closely.  The  rock  has  been  identified  by  Prof. 
Kemp  as  trachyte  but  closely  allied  to  andesite.  The  Ortiz  or 
Placer  mountains  are  about  two  miles  irom  the  most  southerly 
locality  visited. 

The  column  of  Lamarie  exposed  is  not  far  from  1,000  feet 
thick  and  contains  several  coal  beds  of  economic  importance, 
only  three  of  which  are  discussed  in  this  paper.  The  highest 
bed,  about  900  feet  from  the  base  of  the  column  and  known  as 
the  White  Ash,,  has  been  opened  at  many  places  along  the  princi- 
pal gorge,  Coal  canon.  At  the  most  northerly  mine,  the  White 
Ash,  its  coal  is  bituminous,  containing  39  per  cent  of  volatile 
combustible,  but  at  the  Lucas  mine,  not  more  than  3,000  feet 
further  up  the  caiion,  it  is  anthracite  with  but  1  per  cent  of 
volatile.  The  interval  between  these  mines  contains  for  the  most 
part  coal  so  crushed  as  to  be  practically  unmarketable;  bat  a£ 
shown  in  one  level  of  the  White  Ash  mine,  the  transition  from 
soft  to  anthracite  coal  is  gradual.  Further  up  the  cation,  toward 
the  Ortiz  mountains,  the  coal  becomes  harder  and  at  one  openipg 
resembles  the  Rhode  Island  anthracite. 

The  lower  important  bed  on  Coal  canon  is  the  Cook-  WhiU, 
which  is  not  rained  at  present.  It  shows  the  same  changes, 
being  distinctly  anthracite  at  the  old  openings  up  the  canon,  but 
becoming  bituminous  lower  down,  where  it  contains  30  per  cent 
of  volatile.  A  small  bed,  midway  between  the  White  Ash  and 
the  Cook-  White,  shows  no  variation,  being  bituminous  at  the 
most  southerly  point  visited,  although  the  White  Ash  is  anthra- 
cite in  the  same  locality.  But  this  bed  is  much  cut  by  clay 
seams  and  is  not  continuous.  The  cause  of  the  metamorphosis  of 
the  coal  is  contact  with  eruptive  rocks.     The  clay  seams  of  the 
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smaller  bed  prevented  transmisRion  of  the  heat  and  changes  in  the 
coal.  Actual  contact  with  the  molten  rock  appears  necessary  to 
produce  change,  for  the  upper  sheet  of  trachyte  comes  down  to 
within  a  few  leet  of  the  White  Ash  and  evidently  has  no  effect 
upon  its  composition ;  the  transition  from  bituminous  to  anthra- 
cite in  that  coal  bed  is  regular  from  the  north  southward  under 
the  sheet,  and  apparently  in  no  greater  ratio  than  in  the  Cook- 
White,  150  feet  lower,  which  in  turn  is  fully  200  feet  above  the 
lower  sheet. 

6.  Note  on  the  Trap  Mock  of  the  Palisades  ;  by  Benj.  Smith 
Lyman  (from  a  letter  to  the  editors,  dated  Philadelphia,  Jan.  Y, 
1896). — In  the  January  number  of  this  Journal  (p.  4),  Prof.  Wm. 
M.  Davis  refers  to  my  recent  report  on  the  New  Red  of  Bucks 
and  Montgomery  counties,  in  the  Pennsylvania  Geol.  Surv.,  final 
report,  vol.  iii,  p.  2621,  for  a  brief  argument  of  mine  against  the 
intrusive  character  of  the  trap  of  the  Palisades.  It  may  be 
worth  while,  for  the  benefit  of  those  interested  in  the  subject,  to 
call  attention  also  to  a  little  fuller  discussion  of  the  point  in  the 
Proceedings  of  the  American  Philosophical  Society,  vol.  xxxiii 
(1894),  p.  195.  The  intrusive  character  seems  to  him  "undoubt- 
able."  To  others  it  seems  not  only  doubtable,  but  entirely  con- 
trary to  observed  facts.  Me  speaks  of  the  great  length  (over 
fifty  miles)  of  the  Palisades  trap  as  the  only  argument  against 
him ;  and,  indeed,  it  seems  to  be  of  itself  an  invincible  one  when 
taken  in  connection  with  the  other  circumstances,  such  as  the 
soft  shaliness  of  the  sedimentary  beds,  their  gentle  dip,  the  great 
crookedness  of  the  outcrop,  and  the  exact  conformity  of  the  trap 
beds  (not  a  single  bed)  to  the  shales,  as  made  thoroughly  evident 
by  the  toj)Ography  of  the  whole  region — not  merely  "rough" 
conformity,  as  he  conjectures  without  substantial  proof. 

It  used  to  be  imagined  that  volcanic  rock,  or  trap,  forced  its 
own  way,  as  a  solid  wedge  might,  through  hitherto  unbroken 
rock  beds,  separating  them  and  even  lifting  them  up,  to  open  a 
passage.  It  is  sufiiciently  incredible  that  such  a  passage  would 
adhere  to  one  bedding  plane  around  basins  and  paddles  in  soft, 
gently  dipping  shales  for  a  distance  of  fifty  miles.  But,  taking 
the  view  that  igneous  rock  in  general  merely  flows  into  crevices 
it  finds  open,  it  becomes  still  more  inconceivable  that  they  could 
have  opened  along  a  single  bedding  plane  in  such  shales,  with 
Such  dips  and  such  an  irregular  structure,  for  such  a  distance. 

7.  Missouri  Geological  Survey, — The  Annual  Report  for  1894, 
received  November,  1895,  contains  the  3d  biennial  Report  of  the 
Director,  pp.  1-79;  the  subjects  discussed  are:  The  Crystalline 
Elocka  of  Missouri,  Erasmus  Hawortii,  pp.  81-224 — map,  and 
>late8  xii-xxx,  chiefly  micro-photo  lithographs;  Dictionary  of 
Altitudes,  by  C.  F.  Marbut,  pp.  225-316 ;  Characteristics  of  Ozark 
fountains,  by  Chas.  R.  Keybs,  pp.  317-352,  and  Coal  Measures 
»f  Missouri,  by  Garland  C.  Broaduead,  pp.  353-395. 

8.  Towa  Geological  iSurvey. — The  third  Annual  Report,  1894, 
inder   the  present  state  geologist,  Samuel  Calvin  (pp.  1-467, 
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plates  i-xi,  figures  1-54,  and  6  geological  maps),  coDtains 
detailed  reports  upon  the  geology  of  counties  of  Allamakee,  Linn, 
Van  Buren,  Keokuk,  Mahaska  and  Montgomery,  written  by  sev- 
eral members  of  the  geological  corps. 

9.  Illinois  State  Museum  of  Natural  Ilistory. — Bulletin  No.  6. 
Description  of  New  Species  of  Paleozoic  Echinodermata,  by  S.  A. 
Miller  and  Wm.  F.  E.  Gurley,  pp.  1-62,  plates  i-v.  Spring- 
field, 111.,  April,  1895. 

10.  Geological  Snrvey  of  Canada, — The  second  part  of  the 
third  volume  of  "  Paleozoic  Fossils  "  was  published  September, 
1895  (pp.  45-128,  plates  ix-xv),  and  contains  the  following 
papers  by  J.  F.  Whiteaves,  viz  :  2.  Revision  of  the  fauna  of  the 
Gruelph  formation  of  Ontario,  with  descriptions  of  a  few  new  spe- 
cies. 3.  Systematic  list,  with  references,  of  the  fossils  of  the 
Hudson  River  or  Cincinnati  formation  of  Stony  Mountain,  Mani- 
toba. 

11.  A  needed  Term  in  Petrography ^  by  Ij.  V.  Pirsson.  (Ab- 
stract of  paper  read  at  the  winter  meeting  of  Geological  Society  of 
America.) — The  term  crystal  when  properly  used  carries  with  it 
essentially  the  idea  of  an  outward  geometric  form  bounded  by 
planes  arranged  according  to  certain  laws  of  symmetry,  thoupjh  it 
implies  also  a  certain  interior  molecular  structure  with  definite 
physical  properties.  There  is  thus  at  present  no  good  term  to 
express  the  formless  or  rounded  masses  in  which  minerals  occur, 
especially  in  eruptive  rocks,  and  whicli  possess  the  interior  molecu- 
lar structure  of  crystals  though  not  their  outward  form.  For 
such  formless  or  rounded  masses  the  term  anhedron  (without 
planes^  is  proposed,  and  such  mineral  masses  may  also  be  spoken 
of  as  naving  an  anhedral  development. 

12.  Manual  of  Lithology,  by  E.  H.  Williams,  2d  ed.,  revised 
and  enlarged,  8°,  418  pp.,  6  plates.  New  York,  1895  (Wiley  Pub.). 
— In  this  new  edition  of  his  little  manual  Prof.  Williams  has  so 
greatly  enlarged  and  in  so  many  details  changed  the  character  of 
the  work  that  it  bears  little  resemblance  to  the  former  edition. 
After  a  short  introduction  and  discussion,  the  chief  rock-makiog 
minerals  are  described  ;  then  follows  an  explanation  of  the  terms 
^of  structure,  etc.)  used  in  lithology,  which  is  succeeded  by  the 
aescription  of  the  different  kinds  of  rocks,  which  comprises  all 
three  groups,  the  igneous,  sedimentary  and  metamorpbic.  The 
volume  closes  with  a  scheme  for  determining  rocks  by  their  mega- 
scopic character  combined  with  physical  and  chemical  tests. 

In  the  brief  limits  of  this  notice  it  is  impossible  to  give  any 
extended  review  of  the  work.  We  note,  however,  that  the  pro- 
posed basis  of  classification  for  the  igneous  rocks,  based  as  it  is 
on  the  predominance  of  the  ferro-magnesian  silicate  present,  must 
present  so  many  uncertainties,  together  with  some  absolute  con- 
tradictions, that  it  is  scarcely  probable  that  it  will  be  generally 
adopted.  We  notice  also  in  places  obscurities  in  the  author's 
style  which  render  it  difficult  to  ascertain  his  precise  meaning. 

L.  V.  p. 
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13.  Handbuch  der  Mineralchemie ;  von  C.  F.  RA^ifMSLSBBBG, 
Zweite  Erganzunpcsheft  ziir  zweiten  Auflage.  8vo,  478  pp. 
Leipzig,  1895.  (VVilhelm  Engelmann.) — This  second  supplemeut 
to  the  second  edition  of  Ramraelsberg's  great  work  on  Mineral- 
chemiey  follows  the  first  after  the  long  interval  of  nearly  ten 
years.  During  this  period  many  important  additions  have  been 
made  to  the  literature  of  mineral  chemistry  and  much  progress 
has  been  made  in  the  knowledge  of  the  composition  of  rare  spe- 
cies. All  of  this  material  has  now  been  collated  and  worked 
over  by  the  veteran  mineral  chemist.  The  work  follows  the  same 
line  as  its  predecessor  by  the  same  author.  His  suggestions  are 
based  in  each  case  on  careful  thought  and  new  calculations  and 
always  deserve  respectful  consideration,  but  many  will  not  follow 
faim  in  some  of  bis  conclusions;  for  example,  in  his  sweeping 
refusal  to  accept  the  idea  that  hydroxyl  (Oil)  may  replace 
fluorine  in  a  mineral  compound,  nor  his  explanation  that  in  such 
cases  the  water  yielded  on  analysis  (e.  g.  topaz,  herderite,  amblyg- 
onite)  is  due  to  gradual  alteration. 

III.     BoTANir. 

1.  Plant'breeding.  Being  five  lectures  upon  the  amelioration 
of  domestic  plants ;  by  L.  H.  Bailey.  (Macmillan  &  Co.,  1895.). 
— Professor  Bailey,  of  Cornell  University,  gives  in  this  handy 
work,  of  less  than  three  hundred  pages,  sufficiently  explicit  direc- 
tions to  guide  any  person  of  ordinary  judgment  in  the  interesting 
task  of  crossing  plants.  While  we  miss  in  its  pages  references  to 
the  very  important  work  by  Nageli,  we  find  enough  of  essentially 
the  same  method  of  treatment  to  give  the  volume  high  value,  not 
only  as  a  practical  treatise,  but  also  as  stimulating  speculation. 
The  hand-book  can  be  heartily  recommended  to  all  classes  of 
persons  interested  in  living  plants.  g.  l.  g. 

2.  Tubercles  on  the  roots  of  the  Soja  bean, — Professor  Kirch- 
KER  (Cohn's  Beitrage  zur  Biol,  der  Pflanzen,  xvii,  2,  1895)  has  con- 
ducted a  few  remarkably  interesting  experiments  in  regard  to  the 
production  and  character  of  these  swellings.  When  the  Soja 
beans  were  cultivated  in  good  soil,  such  as  one  would  ordinarily 
employ  for  experimental  purposes,  no  conspicuous  tubercles  were 
formed,  but  when  to  this  soil  was  added  a  small  amount  of  earth 
brought  from  Japan,  and  presumably  infected  with  the  bacteria 
associated  with  the  plant,  tubercles  were  abundantly  formed,  and 
the  plants  grew  more  thriftily  than  under  previous  conditions. 
The  soil  came  from  Japan  in  well-soldered  metallic  boxes.  It 
was  black,  uncommonly  light,  volcanic  ash.  It  was  moist  when  it 
arrived,  and  contained  fragments  of  the  roots  of  the  Soja  plants 
which  had  been  cultivated  therein. 

While  the  observation  is  not  wholly  new,  it  confirms  some 
kindred  results,  and  tends  to  open  up  still  farther  the  possibility 
of  more  successful  cultivation  of  PapilionacecB  in  infected  soil. 
GoNNSRMANN    (Land   w.   Jahr   b.   xxiii,    1894)  has  apparently 
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demonstrated  that  root  tubercles  are  not  produced  by  only  one 
species  of  bacterium,  varying,  as  some  have  thought,  according 
to  the  kind  of  soil  in  which  they  occur. 

Although  much  advance  has  been  made  in  the  direction  of 
settling  some  of  these  disputed  points,  a  great  deal  remains  to  be 
learned  in  regard  to  turning  the  observations  to  practical  account 
Two  of  our  southern  plants,  the  so-called  "  Cow-pea,"  in  its  mul- 
tiform varieties,  and  ArachiSy  appear  to  be  the  best  subjects  of 
research  in  this  department.  The  increasing  utility  of  the  for- 
mer as  a  direct  or  indirect  fertilizer,  and  of  the  latter  in  its  new 
applications  in  the  production  of  a  food,  after  the  extraction  of  the 
oil,  indicates  the  desirability  of  experiments  at  the  southern  sta- 
tions. G.  L.  6. 

3.  Modifications  of  the  Cell-tccUl, — There  are  two  recent  com- 
mnnioations  relative  to  changes  in  the  cell-wall  which  may  be 
conveniently  considered  together.  Van  Wisselingh  points  out 
numerous  differences  between  the  formation  and  character  of 
Suberin  and  Cutin,  of  which  we  here  recount  only  the  most 
important.  Suberin  is  always  laid  down  at  a  later  ]>eriod  than 
Cutin,  and  appears  on  the  inner  side  of  the  cell-wall,  in  direct 
contact  with  protoplasmic  matter,  whereas  Cutin  arises  on  the 
outside  of  epidermal  cells,  and  possesses  between  itself  and  the 
protoplasm  a  layer  of  well-marked  cellulose.  Suberin  is  more 
easily  saponitied  by  potassic  hydrate  that  Cutin  is,  and  the  pro- 
ducts of  saponification  differ  in  appearance  from  those  arising 
from  Cutin. 

The  other  paper  deals  with  the  mucilaginous  modification  of 
the  walls  of  cells.  Mangin  (Bulletin  Sec.  Fr.,  xli)  classifies 
mucilages  into  simple  and  complex,  dividing  the  former  again 
into  (I)  cellulose  mucilages;  which  are  rather  rare  (a  good 
example  is  afforded  by  Salep),  (2)  pectose  mucilages,  common  in 
MalvacecBy  Tiliacece,  and  certain  algaB;  (3)  callose  mucilages, 
confined  in  the  higher  plants  to  the  sieve  tubes.  The  second 
group  of  mucilages,  the  mixed,  or  complex,  belong  to  various 
seeds.  Here  we  find  the  cellulose  and  pectose-mucilages  com- 
mingled in  different  amounts. 

According  to  Guiraud,  the  mucilage  in  Malvacem  is  found  to 
some  extent  in  all  organs,  and  comes  from  the  breaking  down  of 
the  walls  of  certain  cells  in  the  secondary  parenchyma.  It  may 
be  retained  in  special  cells,  or  it  may  overflow  from  them. 

The  existence  of  nitrogen  in  the  so-called  mucilage  of  at  least 
two  species  of  Dioscorea  may  be  regarded  as  settled  by  the  work 
of  IsHiT,  of  Japan.  The  mucin  here  found  is  essentially  like  that 
occurring  in  animals.  G.  L.  G. 

4.  On  the  accumulation  of  sugar  in  the  root  of  the  Btti. 
(Comptes  Rend.,  2  Dec.  1895.) — L.  Maquenne  calls  attention  to  the 
difficulty  of  explaining  the  equilibrium  which  exists  between  the 
leaves  and  the  root  of  beets,  considering  the  chemical  composi- 
tion of  the  two.  It  is  easy  to  understand  how  the  carbhydrates 
elaborated   by   the  chlorophyll-bearing  cells  reach  the    root  by 
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diffusion ;  but  it  is  not  so  easy  to  tell  why,  after  taking  the  form 
of  sugar,  these  carbhydrates  do  not  return  to  the  leaves  again,  in 
virtue  of  the  very  same  laws  of  diffusion.  Since  uniformity  does 
not  exist  between  the  chemical  composition  of  cell-contents  in 
different  parts  of  the  plant,  diffusion  mnst  be  assumed  to  be 
balanced  by  some  other  force.  The  author  regards  this  as  a 
simple  question  of  osmotic  balance.  Applying  the  doctrine  of 
osmotic  equivalents  to  the  special  case  in  hand,  he  states  that  the 
saccharose  in  the  root,  to  satisfy  the  demands  of  existing  condi- 
tions, should  be,  in  concentration,  double  that  of  the  reducing 
^sugars  found  in  the  leaves.  Further,  a  similar  equilibrium  may 
be  supposed  to  exist  between  the  root  and  the  soil.  Maquennb's 
recorded  results  are  suggestive  from  many  points  of  view.  From 
them  he  enunciates  the  following  law,  which  he  regards  as  of 
general  applicability  to  Physiology, — any  immediate  principle 
can  accumulate  whenever  its  formation  gives  rise  to  a  reduction 
of  osmotic  pressure.  It  is  interesting  to*  notice  that  this  sub- 
stantially restates  a  law  applied  by  Deherain  to  the  appropria- 
tion of  mineral  matters  and  the  transfer  of  elaborated  substances 
in  plants.  g.  l.  g. 

5.  Guide  to  the  British  My cetozoa;  by  Arthur  Lister,  pp.  42, 
fig.  44. — This  little  book  is  the  second  of  the  botanical  series 
intended  to  serve  as  a  guide  to  specimens  exhibited  in  the  British 
Museum.  It  gives  a  condensed  account  of  British  Mycetozoa 
taken  irom  the  author's  monograph  of  the  Mycetozoa,  ol  which  a 
notice  was  given  a  few  months  ago,  preceded  by  a  short  account 
of  the  general  structure  and  development  of  the  order.  The  col- 
lection of  British  Mycetozoa  and  the  series  of  colored  drawings 
explaining  their  structure,  now  exhibited  in  the  botanical  gallery 
of  the  Museum,  were  presented  by  Mr.  Lister,  as  well  as  over 
eight  hundred  mounted  slides  kept  in  a  cabinet  of  the  crypto- 
gamic  herbarium.  This  valuable  collection,  taken  in  connection 
with  Mr.  Lister's  guide,  will  make  it  comparatively  easy  for 
students  to  recognize  British  species  of  this  difficult  order. 

AV.  G.  F. 

6.  The  Norwegian  Forms  of  Lithothamnion;  by  M.  Foslie,  pp. 
180,  8%  pi.  23.  Trondhjem,  1895. — In  this  elaborate  monograph  the 
author  gives  a  critical  study  of  the  species  of  Lithothamnion  and 
Lithophyllum  of  northern  Europe,  with  occasional  references  to 
species  of  North  America.  Our  knowledge  of  the  confused  species 
ot  the  Corallinacese  comprised  in  the  Lithothamnion  group  has  been 
much  increased  in  recent  years  owing  to  the  writings  of  Kjellman, 
Rosen vinge,  Stromfelt  and  Foslie.  The  present  paper  is  a  revis- 
ion of  previous  papers  in  the  light  afforded  by  fresh  material  from 
America  as  well  as  Europe.  The  writer  reduces  Lithophyllum 
to  a  subgenus  of  Lithothamnion,  instead  of  regarding  it  as  most 
closely  related  to  Melobesia,  where  it  was  placed  by  Batters  and 
ourselves  ;  and  the  subgenus  Eulithothamnion  he  divides  into  two 
sections,  Innatse,  with  innate,  and  Evanidae,  with  superficial 
sporangial  conceptacles.     The  definition  of  species  in  algae  of  this 
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groap  is  always  a  difficult  matter,  for  both  sporangia  and  cysto- 
carps  are  oiten  wanting,  and  the  habit  of  the  thallas  depends 
upon  the  place  of  growth  and  the  surroundings.     Furthermore, 
the  older  descriptions  were  frequently  very  vague  and   incom- 
pleie.     The  author  has  reduced  a  number  of  the  species  of  previ- 
ous Scandinavian  writers  to  synonyms,  but  has  created  a  number 
of  new  species,  so  that  we  now  have  the  surprising  number  of 
thirty-nine  species  in  the  region  studied.     Apart  from  Greenland 
species,  the  North  American   species  noted  are  L.  fruticulosam 
(Ktltz)  Fosl.,  and  L.  colliculosum  Fosl.,  to  which  are  referred  the 
L.  fasciculatnm   of  Farlow's    Marine  Algae   of   New    England; 
L.  flabellatura  Rosenv.,  to  which  is  doubtfully  referred  a  sterile 
specimen  found  by  Collins  in  Maine ;  L.  compactum  Kjellm.,  the 
common  New  England  form  usually  referred  to  L.  polymorphum; 
L.  evanescens  Fosl.,  collected  by  Collins  at  Marblehead,  Mass.; 
L.    Isevigatum    Fosl.,    from    Kennebunkport,   Me.,  Collins;  and 
L.  Stromfeltii  Fosl.,  and  L.  Lenormandi  (Phil.)  Fosl.,  to  which  is 
referred  in  part  the  Melobesia  Lenormandi  of  Farlow's  Marine 
Algae  of  New  England.     The  habits  of  the  different  species  are 
given  in  twenty-three  good  photo-lithographic  plates.    The  mono- 
graph closes  with  a  short  chapter  on  Fossil  Lithothamnia. 

w.  G.  F. 

IV.    Miscellaneous  Scientific  Intelligence. 

1.  The  cofnpoaition  of  expired  air  and  its  effects  upon  animal 
life;  by  J.  S.  Billings,  M.  D.,  S.  Weir  Mitchell,  M.  D.,  and 
D.  H.  Bkkgky,  M.  D. — A  memoir  bearing  the  above  title  has 
been  recently  issued  in  the  series  of  Smithsonian  Contributions  to 
Knowledge,  No.  989.  It  gives  the  result  of  investigations  carried 
on  under  a  grant  Irom  the  Hodgkins  Fund  of  the  Smithsonian 
Institution,  for  the  purposes  ot  determining  the  nature  of  the 
peculiar  substances  of  organic  origin  contained  in  the  air  expired 
by  human  beings,  with  special  reference  to  the  practical  applica- 
tion of  the  results  obtained  to  problems  of  ventilation  of  inhab- 
ited rooms.  The  conclusions  contain  so  much  of  general  interest 
that  they  are  printed  here  in  full : 

I.  The  results  obtained  in  this  research  indicate  that  in  air 
expired  by  healthy  mice,  sparrows,  rabbits,  guinea-pigs,  or  men, 
there  is  no  peculiar  organic  matter  which  is  poisonous  to  the  ani- 
mals mentioned  (excluding  man),  or  which  tends  to  produce  in 
these  animals  any  special  form  of  disease.  The  injurious  effects 
of  such  air  observed  appeared  to  be  due  entirely  to  the  diminu- 
tion of  oxygen,  or  the  increase  of  carbonic  acid,  or  to  a  combina- 
tion of  these  two  factors.  They  also  make  it  very  improbable 
that  the  minute  quantity  of  organic  matter  contained  in  the  air 
expired  from  human  lungs  has  any  deleterious  inffuence  uponmen 
who  inhale  it  in  ordinary  rooms,  and  hence  it  is  probably  unnec- 
essary to  take  this  factor  into  account  in  providing  for  the  ven- 
tilation of  such  rooms. 
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n.  In  ordinary  quiet  respiration,  no  bacteria,  epithelial  scales, 
or  particles  of  dead  tissue  are  contained  in  the  expired  air.  In 
the  act  of  coughing  or  sneezing,  such  organisms  or  particles  may 
probably  be  thrown  out. 

III.  The  minute  quantity  of  ammonia,  or  of  combined  nitro- 
gen, or  other  oxidizable  matters  found  in  the  condensed  moisture 
of  human  breath,  appears  to  be  largely  due  to  products  of  the 
decomposition  of  organic  matter  which  is  constantly  going  on  in 
the  mouth  and  pharynx.  This  is  shown  by  the  effects  of  cleans- 
ing the  mouth  and  teeth  upon  the  amount  of  such  matters  in  the 
condensed  moisture  of  the  breath,  and  also  by  the  differences  in 
this  respect  between  the  air  exhaled  through  a  tracheal  fistula 
and  that  expired  in  the  usual  way. 

IV.  The  air  in  an  inhabited  room,  such  as  the  hospital  ward 
in  which  experiments  were  made,  is  contaminated  from  many 
sources  besides  the  expired  air  of  the  occupants,  and  the  most 
important  of  these  contaminations  are  in  the  form  of  minute  par- 
ticles, or  dust.  The  experiments  on  the  air  of  the  hospital  ward, 
and  with  the  moisture  condensed  therefrom,  show  that  the  greater 
part  of  the  ammonia  in  the  air  was  probably  connected  with  dust 
particles  which  could  be  removed  by  a  filter.  They  also  showed 
that  in  this  dust  there  were  micro-organisms,  including  some  of 
the  bacteria  which  produce  infiammation  and  suppuration,  and  it 
is  probable  that  these  were  the  only  really  dangerous  elements  in 
this  air. 

V.  The  experiments  in  which  animals  were  compelled  to 
breathe  air  vitiated  by  the  products  of  either  their  own  respira- 
tion or  by  those  of  other  animals;  or  were  injected  with  fluid 
condensed  from  expired  air,  gave  results  contrary  to  those  reported 
by  Hammond,  by  Brown-Sequard  and  d'Arsonval,  and  by  Merkel, 
but  corresponding  to  those  reported  by  Dastre  and  Loye,  Russo- 
Giliberti  and  Alessi,  Hoffmann-Wellenhof,  Rauer,  and  other  ex- 
perimenters referred  to  in  the  preliminary  historical  sketch  of 
this  report,  and  make  it  improbable  that  there  is  any  peculiar 
volatile  poisonous  matter  in  the  air  expired  by  healthy  men  and 
animals,  other  than  carbonic  acid.  It  must  be  borne  in  mind, 
however,  that  the  results  of  such  experiments  upon  animals  as 
are  referred  to  in  this  report  may  be  applicable  only  in  part  to 
human  beings.  It  does  not  necessarily  follow  that  a  man  would 
not  be  injured  by  continually  living  in  an  atmosphere  containing 
two  parts  per  1000  of  carbonic  acid  and  other  products  of  respir- 
ation, of  cutaneous  excretion,  and  of  putrefactive  decomposition 
of  organic  matters,  because  it  is  found  that  a  mouse,  a  guinea- 
pig,  or  a  rabbit  seems  to  suffer  no  ill  effects  from  living  under 
such  conditions  for  several  days,  weeks,  or  months;  but  it  does 
follow  that  the  evidence  which  has  heretofore  been  supposed  to 
demonstrate  the  evil  effects  of  bad  ventilation  upon  human  health 
should  be  carefully  scrutinized. 

VI.  The  effects  of  reduction  of  oxygen  and  increase  of  car- 
bonic acid  to  a  certain  degree  appear  to  be  the  same  in  artificial 
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mixtures  of  these  gases  as  in  air  in  which  the  change  of  propor- 
tion of  these  gases  has  been  produced  by  respiration. 

YIL  The  effect  of  habit,  which  may  enable  an  animal  to  live 
in  an  atmosphere  in  which,  by  gradual  change,  the  proportion  of 
oxygen  has  become  so  low,  and  that  of  the  carbonic  acid  so  high, 
that  a  similar  animal  brought  from  fresh  air  into  it  dies  almost 
immediately,  has  been  observed  before,  but  we  are  not  aware  thtt 
a  continuance  of  this  immunity  produced  by  it  had  been  previ- 
ously noted.  The  experiments  reported  in  the  Appendix,  VII, 
17  to  28,  show  that  such  an  immunity  may  either  exist  normally 
or  be  produced  in  certain  mice,  but  that  these  cases  are  very 
exceptional,  and  it  is  very  desirable  that  a  special  research  should 
be  made  to  determine,  if  possible,  the  conditions  upon  which  sacb 
a  continuance  of  immunity  depends. 

VIII.  An  excessively  high  or  low  temperature  has  a  decided 
effect  upon  the  production  of  asphyxia  by  diminution  of  oxygen 
and  increase  of  carbonic  acid.  At  high  temperatures  the  respir- 
atory centers  are  affected,  where  evaporation  from  the  skin  and 
mucous  surfaces  is  checked  by  the  air  being  saturated  with 
moisture;  at  low  temperatures  the  consumption  of  oxygen 
increases,  and  the  demand  for  it  becamcs  more  urgent. 

So  far  as  the  acute  effects  of  excessively  foul  air  at  high  tem- 
peratures are  concerned,  such,  for  example,  as  appeared  in  the 
Black  Hole  at  Calcutta,  it  is  probable  that  they  are  due  to  sub- 
stantially the  same  causes  in  man  as  in  animals. 

IX.  The  proportion  of  increase  of  carbonic  acid  and  of  dimi- 
nution of  oxygen,  which  has  been  found  to  exist  in  badly  venti- 
lated churches,  schools,  theatres  or  barracks,  is  not  sufficiently 
great  to  satisfactorily  account  for  the  great  discomfort  which 
such  conditions  produce  in  many  persons,  and  there  is  no  evidence 
to  show  that  such  an  amount  of  change  in  the  normal  proportion 
of  these  gases  has  any  influence  upon  the  increase  of  disease  and 
death-rates  which  statistical  evidence  has  shown  to  exist  among 
persons  living  in  crowded  and  unventilated  rooms.  The  report 
of  the  commissioners  appointed  to  inquire  into  the  regulations 
affecting  the  sanitary  conditions  of  the  British  army  (1),  prop- 
erly lays  great  stress  on  the  fact  that  in  civilians  at  soldiers'  ages, 
in  twenty-four  large  towns,  the  death-rate  per  1000  was  11.9, 
while  in  the  foot-guards  it  was  20.4,  and  in  the  infantry  of  the 
line  17.9,  and  showed  that  this  difference  was  mainly  due  to  dis- 
eases of  the  lungs  occurring  in  soldiers  in  crowded  and  unventi- 
lated barracks.  These  observations  have  since  been  repeatedly 
confirmed  by  statistics  derived  from  other  armies,  from  prisons, 
and  from  the  death-rates  of  persons  engaged  in  different  occupa- 
tions; and,  in  all  cases,  tubercular  disease  of  the  lungs  and  pneu- 
monia are  the  diseases  which  are  most  prevalent  among  persons 
living  and  working  in  unventilated  rooms,  unless  such  persons  are 
of  the  Jewish  race.  But  consumption  and  pneumonia  are  caused 
by  specific  bacteria,  which,  for  the  most  part,  gain  access  to  the 
air-passages  by  adhering  to  particles  of  dust  which  are  inhaled, 
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and  it  is  probable  that  the  greater  liability  to  these  diseases  of 
persons  living  in  crowded  and  unventilated  rooms,  is,  to  a  large 
extent,  due  to  the  special  liability  of  such  rooms  to  become 
infected  with  the  germs  of  these  diseases.  It  is,  however,  by  no 
means  demonstrated  as  yet,  that  the  only  deleterious  effect  which 
the  air  of  crowded  barracks  or  tenement-house  rooms,  or  of  foul 
courts  and  narrow  streets,  exerts  upon  the  persons  who  breathe 
it,  is  due  to  the  greater  number  of  pathogenic  micro-organisms  in 
»ach  localities.  It  is  quite  possible  that  such  impure  atmospheres 
may  affect  the  vitality  and  the  bactericidal  powers  of  the  cells 
GiDd  finids  of  the  upper  air-passages  with  which  they  come  in  con- 
tact, and  may  thus  predispose  to  infections,  the  potential  causes 
of  which  are  almost  everywhere  present,  and  especially  in  the 
upper  air-passages  and  in  the  alimentary  canal  of  even  the  health- 
iest persons,  but  of  this  we  have  as  yet  no  scienti6c  evidence.  It 
is  very  desirable  that  researches  should  be  made  on  this  point. 

X.  The  discomfort  produced  by  crowded,  ill-ventilated  rooms 
in  persons  not  accustomed  to  them,  is  not  due  to  the  excess  of 
carbonic  acid,  nor  to  bacteria,  nor,  in  most  cases,  to  dusts  of  any 
kind.  The  two  great  causes  of  such  discomfort,  though  not  tho 
only  ones,  are  excessive  temperature  and  unpleasant  odors.  Such 
rooms  as  those  referred  to  are  generally  overheated,  the  bodies  of 
the  occupants  and,  at  night,  the  usual  means  of  illumination 
contributing  to  this  result. 

The  cause  of  the  unpleasant,  musty  odor  which  is  perceptible 
to  most  persons  on  passing  from  the  outer  air  into  a  crowded, 
unventilated  room  is  unknown  ;  it  may,  in  part,  be  due  to  volatile 
products  of  decomposition  contained  in  the  expired  air  of  persons 
having  decayed  teeth,  foul  mouths,  or  certain  disorders  of  the 
digestive  apparatus,  and  it  is  due,  iu  part,  to  volatile  fatty  acids 
given  off  with,  or  produced  from,  the  excretions  of  the  skin,  and 
from  clothing  soiled  with  such  excretions.  It  may  produce 
nausea  and  otijer  disagreeable  sensations  in  specially  susceptible 
persons,  but  most  men  soon  become  accustomed  to  it,  and  cease 
to  notice  it,  as  they  will  do  with  regard  to  the  odor  of  a  smoking- 
car,  or  of  a  soap  factory,  after  they  have  been  for  some  time  m 
the  place.  The  direct  and  indirect  effects  of  odors  of  various 
kinds  upon  the  comfort,  and  perhaps  also  upon  the  health  of  men, 
are  more  considerable  than  would  be  indicated  by  any  tests  now 
known  for  determining  the  nature  and  quantity  of  the  matters 
which  give  rise  to  them.  The  remarks  of  Renk  (38,  p.  174)  upon 
this  point  merit  consideration.  Cases  of  fainting  in  crowded 
rooms  usually  occur  in  women,  and  are  connected  with  defective 
respiratory  action  due  to  tight  lacing  or  olher  causes. 

Other  causes  of  discomfort  in  rooms  heated  by  furnaces  or  by 
steam  are  excessive  dryness  of  the  air,  and  the  presence  of  small 
quantities  of  carbonic  oxide,  of  illuminating  gas,  or  of  arsenic 
lerived  from  the  coal  used  for  heating. 

XL  The  results  of  this  investigation,  taken  in  connection  with 
he  results  of  other  recent  researches  summarized  in  this  report, 
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iDdicate  that  some  of  the  theories  apon  which  modern  systems  of 
ventilation  are  based,  are  either  without  foundation  or  doubtful, 
and  that  the  problem  of  securing  comfort  and  health  in  inhabited 
rooms  requires  the  consideration  of  the  best  methods  of  prevent- 
ing or  disposing  of  dusts  of  various  kinds,  of  properly  regulating 
temperature  and  moisture,  and  of  preventing  the  entrance  of 
poisonous  gases  like  carbonic  oxide,  derived  from  heating  and 
lighting  apparatus,  rather  than  upon  simply  diluting  the  air  to  t 
certain  standard  of  proportion  of  carbonic  acid  present. 

It  would  be  very  unwise  to  conclude  from  the  facts  given  in 
this  report,  that  the  standards  of  air-supply  for  the  ventilation  of 
inhabited  rooms,  which  standards  are  now  generally  accepted  by 
sanitarians  as  the  result  of  the  work  of  Pettenkofer,  De  Chau- 
mont  and  others,  are  much  too  large  under  any  circumstances,  or 
that  the  differences  in  health  and  vigor  between  those  who  spend 
the  greater  part  of  their  lives  in  the  open  air  of  the  country  bills, 
and  those  who  live  in  the  city  slums,  do  not  depend  in  any 
way  upon  the  differences  between  the  atmospheres  of  the  two 
localities  except  as  regards  the  number  and  character  of  micro- 
organisms. 

2.  Report  of  the  Agricultural  Experiment  Stations  of  the 
University  of  California^  for  the  year  1892-3  and  part  of  189^, 
being  a  part  of  the  Report  of  the  Regejits  of  the  University. 
Sacramento  State  Office,  1894. — This  volume  of  506  pages  is  tbe 
most  recent  of  a  dozen  very  valuable  Reports  on  the  instruction 
and  investigations  undertaken  by  Prof.  E.  W.  Hilgard  and  bis 
colleagues.  Besides  the  central  experiment  station  at  Berkeley, 
seven  branch  stations  in  various  parts  of  California  are  carried  on, 
the  station  staff  consisting  of  eight  scientists  (also  professors  and 
instructors  in  the  university)  and  twelve  foremen.  As  California, 
with  one  exception,  exceeds  all  other  States  of  our  Union  in  area 
and  surpasses  all  in  variety  of  soil,  climate  and  vegetation,  so  she 
takes  the  lead  in  investigating  the  questions  of  science  and  prac- 
tice which  are  involved  m  her  agriculture. 

In  the  introduction,  Prof  Hilgard  who,  with  leave  of  absence, 
spent  the  year  1892-3  in  Europe,  gives  an  interesting  "report  of 
observations  on  European  agricultural  schools  and  experiment 
stations."  He  found  the  agricultural  university  at  Berlin  with  a 
faculty  of  fourteen  professors,  sixteen  assistants  and  fifteen 
instructors,  and  using  buildings  and  equipment  that  cost  $632,000, 
exclusive  of  extensive  museum  collections.  Of  the  400  students 
in  annual  attendance,  200  were  taking  instruction  in  surveying 
and  agricultural  engineering  ;  about  50  were  fitting  for  govern- 
ment employment  as  clerks  and  fiscal  officers,  while  150  were 
agricultural  students  strictly  considered,  aiming  to  be  managers 
of  or  employes  on  large  estates. 

Part  1  is  a  report  and  discussion  of  work  in  the  general  agri- 
cultural laboratories,  comprising  highly  interesting  researches 
into  the  chemical  and  mechanical  composition  and  physical  char- 
acters of  soils,  by  Messrs.  Hilgard,  Loughridge  and  Jaffa ;  special 
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«udy  and  reclamation  of  alkali  soils,  by  Messrs.  Hilgard,  Cole- 
lore  and  Shinn ;  analysis  of  seventy  natural  waters,  by  Messrs. 
affa  and  Curtis;  cberaical  composition  of  various  foods  and 
•uitF,  by  Messrs.  Colby  and  Jaffa ;  an  elaborate  paper  on  olives, 
live  culture  and  olive  oil,  by  Mr.  Ilayne;  and  one  on  the  asb 
f  n^rapes  and  fertilization  of  vineyards,  by  Mr.  Bioletti. 

Prof.  Hilgard  contributes  important  papers  on  nitrogen-con- 
3nt8  of  soil  humus  in  arid  and  humid  regions;  on  influence  of 
limate  upon  the  formation  and  composition  of  soils ;  the  Ciene- 
as  of  southern  California ;  crops  and  fertilizers  with  reference  to 
California  soils  and  practice ;  iruits  and  fruit  soils  in  the  arid 
nd  humid  regions. 

Part  II  is  occupied  with  reports  of  culture  work  at  the  several 
bations  by  Messrs.  Wickson,  Shinn,  Kellner,  Davy,  Tyson,  and 
"orrer. 

Part  III,  by  Prof.  Woodworth,  is  devoted  to  entomology  and 
•lant  diseases. 

This  volume  altogether  is  one  of  great  scientific  and  practical 
alue.  8.  w.  J. 

3.  Dark  companion  to  one  of  the  components  of  the  binary 
tar  10  Ophiuchi, — The  star  70  Ophiuchi  is  composed  of  two 
omponents  of  the  4th  and  0th  magnitudes  severally,  whose 
;reatest  distance  is  less  than  7  seconds.  The  period  ot  rotation 
»  about  90  years.  The  brightness  of  the  components  and  their 
omparatively  rapid  angular  motion  make  this  system  one  of 
«ciiliar  interest,  and  numerous  computed  orbits  for  it  have  been 
published.  Professor  See  of  Chicago  University,  in  No.  363  of 
he  Astronomical  Journal  (Jan.  1896),  from  an  elaborate  discus- 
ion  of  the  measures  made  since  Herschel  in  1779  discovered  that 
t,  was  a  double  star,  concludes  that  there  must  be  a  dark  com- 
panion to  one  of  the  components.  The  deviations  from  pure 
lliptic  motion  seem  to  indicate  quite  unmistakably  the  existence 
f  such  dark  body. 


lOOKS    AND    PAMPHLETS   RECRNTLY   RECEIVED   AND   THUS    FAR 

NOT   OTHERWISE   NOTICED. 

Contribution  n  Vitude  des  Lapies. — La  topographie  du  d^ert  de  Plat^  (Haute- 
avoie);  par  £mile  Cuaix.  (FIxtr.  du  Globe,  Journal  g^graphique  organe  dela 
oci^te  de  G^graphie  de  Geneve,  torn,  xxxiv),  pp.  1-44.  plates  i-xvi,  1895. 

Soils  of  Illinois ;  by  Feank  Leverett.  (Extracted  from  Final  Report,  111. 
kwrd  World's  Fair  Com.),  pp.  77-92,  1895. 

Preglacial  Valleys  of  the  Mississippi  Tnlmtaries;  by  Frank  Leverett. 
roum.  GeoL,  vol.  iii,  Oct.-Nov.,  1895),  pp.  740-763,  1895. 

The  duration  of  Niagara  Falls  and  the  History  of  the  Great  Lakes  ;  by  J. 
7.  Spencer,  pp.  1-126,  figs.  1-27,  plates  i-v.  Humboldt  Publishing  Co.,  New 
ork,  1895. 

Oeoffraphical  Evolution  of  Cuba  ;  by  J.  W.  Spencer.  (Extr.  Bull.  Geol.  Soc. 
JD  ,  vol.  vii,)  pp.  67-94,  Dec.,  1895. 

Clay  Industries  of  New  York,  prepared  under  the  direction  of  Frederick  J. 
[.  Merrill,  by  Heinrich  RiEa  (Extr.  N.  Y.  State  Museum,  vol.  iii),  pp.  96- 
63,  illustrated,  1895. 
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The  Animal  Nature  of  Eozodn;  by  Sir  William  Dawson,  G  M.O.,  LLP. 
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A.RT.  XVII. — Recent  and  Fossil  Tapirs  ;  by  J.  B.  Hatchkb. 

(With  Plates  II-V.) 

This  investigation  was  aided  bj  a  grant  from  the  Elizabeth  Thompson  Fund  of 

the  A.  A.  A.  S.1 

The  existing  Tapirs  present  many  characters  of  peculiar 
nterest,  and  in  some  respects,  as  for  example,  geographical  dis- 
tribution and  conservativeness  in  accomplishing  anatomical 
ihanges,  they  are  unique  among  living  Perissodactyls. 
Elemains  of  fossil  Tapirs  and  closely  allied  forms,  though  com- 
paratively rare,  have  been  found  in  Tertiary  deposits  belonging 
x>  nearly  every  period,  from  the  Wahsatch,  of  the  lower 
Eocene,  up  to,  and  including,  the  Quaternary,  and  in  widely 
separated  localities. 

It  is  the  purpose  of  this  article  to  describe  a  new  species  of 
Protapiriis  from  the  Protoceras  heds  of  the  White  River 
Oligocene)  of  S.  Dakota ;  and  to  add  something  to  our  knowl- 
edge of  the  osteology  of  this  genus,  especially  in  regard  to  the 
jkuU  and  fore  limb ;  to  give  some  additional  characters  diag- 
aostic  of  the  various  species  of  Protapirus  and  Golodon  already 
lescribed  by  Leidy,  Marsh,  Wortman,  Earle  and  Osborn ;  to 
[)oint  out  distinctive  osteological  and  dental  characters  in  the 
>kiills  of  the  five  generally  accepted  species  of  recent  Tapirs  '^ 
ind  to  review  previous  work  of  others  on  the  phylogeny  of  the 
Tapiridce  and  Hdaletidm. 

Protapirus  (Filhol). 

Wortman  and  Earle*  have  recently  described,  from  the 
31igocene  of  S.  Dakota,  remains  of  two  species  of  Tapiroids^ 

*See  Bull.  Am.  Mus.  Nat.  Hist.,  vol.  y,  pp.  15d-l80. 

Lie.  JouB.  ScL — Fourth  Sebies,  Vol.  I,  No.  3.~Maboh,  1896. 
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at  present  not  distinguishable  from  the  genns  jProtapirui^ 
described  by  Filhol  from  the  Phosphorites  du  Quercy^  Iranoe. 
The  species  described  by  these  anthors  are  P.  obliquideM^ 
based  on  a  nearly  complete  superior  dentition  {Ifo,  669  Am. 
Mus.  Col.\  The  authors  do  not  give  the  horizon  in  which  it 
was  found,  but  from  the  matrix  enclosing  it  I  am  led  to 
believe  that  it  is  from  the  Protoceras  beds.  The  other  speciee 
is  P.  simplex^  based  upon  a  series  of  superior  premolars  and 
fragments  of  the  lower  jaw  (iVb.  660  Am.  Mus.  Coll.)  foand 
in  the  Oreodon  beds. 

The  Princeton  Scientific  Expedition  of  1894  was  fortunate 
in  securing  material,  representing  a  third  American  species  of 
this  genus,  besides  other  material  which  will  increase  oar 
knowledge  of  the  known  species  of  Protapirus  and  the  some- 
what similar  genus  Colodon. 

The  following  is  given  as  a  key  to  the  American  spedee  of 
Protapirus. 

1.  Internal  cone  of  all  the  superior  premolars  absolutely  simple, 

showing  no  signs  of  division,  with  very  rudimentary  pos- 
terior cross-crests,  especially  in  pms.  8  and  4 P.  simplex, 

2.  Internal  cone  of  the  fourth  saperior  premolar  just  commencing 

to  divide,  posterior  cross-crests  moderately  developed  on 
all  of  the  last  three  superior  premolars P.  validut 

3.  Internal  cones  of  last  two  superior  premolars  commencing  to 

divide,  posterior  cross-crests  of  the  last  three  superior  pre- 
molars like  intermediate  tubercles P.  ooliquidens. 

Protapincs  validtiSy  sp.  nov. 

The  type  of  the  present  species  (No.  10899  Princ.  CM.) 
consists  of  a  nearly  complete  skull,  without  the  lower  jaw  and 
a  complete  atlas,  humerus,  radius,  ulna  and  parts  of  other  bones. 
It  is  from  the  Protoceras  sandstones^  about  four  miles  south  of 
White  river  and  five  miles  below  the  mouth  of  Porcupine 
creek  in  S.  Dakota ;  about  one  mile  from  the  spot  where  the 

S*  pe  of  Protoceras  celer  was  secured.  It  was  found  by  Mr. 
.  F.  Wells  of  Sturgis,  S.  Dakota,  a  most  energetic  collector 
of  vertebrate  fossils,  who  was  the  first  to  distinguish  the 
Protoceras  beds  and  the  rich  vertebrate  fauna  contained  in 
them.  These  beds  were  shown  by  Mr.  Wells  to  Dr.  J.  L 
Wortman,  who  was  the  first  to  name  and  describe  them.* 

In  most  of  the  more  important  characters,  Protapirus  vati- 
dus  is  intermediate  between  P.  simplex  and  P.  obliqutdens^ 
as  for  example,  the  structure  of  the  internal  cone  of  the  sup. 
pms.,  but  in  some  respects,  notably,  the  development  of 
the  posterior    cross-crests    of    these    teeth,    it    is    in  advance 

*See  Am.  Mus.  Bull.,  vol.  v,  pp.  96-105. 
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>f  both  of  these  species.  (Compare  fig.  3,  plate  II,  of  the 
:)re8ent  paper  with  A.  &  B.,  tig.  1,  of  Wortman  and  Earle.) 
From  these  and  other  characters  P.  simplex  appears  to  have 
>een  the  ancestor  of  P.  validv^s  and  P.  ohliquidens.  There 
>eem8  to  be  little  doubt  that  the  former  is  a  direct  successor  of 
P.  simplex^  while  the  latter  has  been  derived  from  that  species 
either  directly  through  P.  validus  or  some  other  as  yet 
anknown  form  with  all  its  characters  intermediate. 

The  Skull :  In  many  respects  the  skull  of  Protapirus  resem- 
bles that  of  the  recent  Tapir,  especially  of  Tapirus  rouLini^ 
the  least  specialized  of  all  the  species  of  modern  Tapirs.  In 
the  type  specimen  of  P.  validus  the  occipital  condyles  are 
»e88ile  and  as  deep  as  broad.  The  condylar  foramen  is  placed 
wrell  forward  and  inward  just  opposite  the  base  of  the  paroc- 
sipital  process,  which  is  a  slender,  styliform  bone  directed 
straight  downward  much  as  in  Tapirus  7'ouliniy  but  quite  dif- 
ferent from  T.  indicus,  in  which  species  this  process  is  broad 
and  flat  with  its  distal  end  curving  inward.  The  post- 
tympanic  process  is  low  and  broad  and  is  confluent  but  not 
Qoossified  with  the  paroccipital  process ;  its  lower  extremity  is 
3nrved  forward,  abutting  against  the  post-glenoid  and  entirely 
enclosing  the  meatus  auditorius  extemus,  a  condition  not 
present  in  any  of  the  living  Tapirs.  The  post-glenoid  process 
is  low,  broad  and  thin,  and  curves  forward  inferiorly ;  it  is  set 
obliquely  to  the  longer  axis  of  the  skull,  at  an  angle  of  about 
4:5  degrees,  much  as  in  all  the  species  of  recent  Tapirs.  The 
zygoma  is  slender,  only  slightly  expanded,  and  nearly  parallel 
with  the  longer  axis  of  the  skull.  There  is  no  post-orbital 
process  on  the  malar.  The  floor  of  the  orbit  is  much  deeper 
than  in  Tapirus,  but  not  quite  so  deep  as  in  some  specimens  of 
tZdsmognathus.  The  infraorbital  foramen  is  situated  well  in 
Front  of  the  orbit,  and  directly  above  pm.  4,  at  the  bottom  of 
I  deep  groove,  which  commences  just  above  pm.  2  and  runs 
obliquely  backward  and  upward,  from  this  point,  until  reaching 
the  fronto-maxillary  suture,  where  it  turns  abruptly  backwara 
and  terminates  at  the  post-orbital  process  of  the  frontal.  This 
srroove  is,  perhaps,  homologous  with  a  similar  excavation  on 
the  surface  of  the  skulls  of  modern  species  of  Tapir.  In  recent 
Tapirs  it  is  deepest  at,  or  near,  the  base  of  the  nasals,  and  its 
function,  as  has  been  shown  by  Parker,*  is  the  lodgment  of  a 
3artilaginous  air  sinus  ;  it  very  likely  served  the  same  purpose 
in  Protapirus ;  the  apparent  and  actual  change  in  its  posi- 
tion having  been  accomplished  by  the  shifting  of  the  nasals  to 
i  more  posterior  position  in  recent  forms.  The  greatest  depth 
>f  this  gro(»ve,  in  Protapirus,  is  at  a  point  just  opposite  the 

♦See:   Some  Points  in  the  Anatomy  of  the  Indian  Tapir,  by  W.  N.  Parker, 
P.  Z.  S.,  1882,  pp.  768-177. 
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base  of  the  nasals,  where  it  attains  a  depth  of  8"*",  and  a 
width  at  the  top  of  12™™.  The  premaxillaries  in  the  present 
specimen  are  broken  off  at  the  base  of  the  canines  ;  thej  were 
strong,  and  had  an  extended  contact  with  the  maxillaries. 

The  most  striking  differences  between  the  skull  of  Proia- 
pints  and  that  of  the  recent  Tapirs  are  to  be  seen  in  the  con- 
formation of  the  superior  aspect  of  the  skull,  and  in  the  posi- 
tion of  the  frontals  and  nasals,  relative  to  the  other  elements  of 
the  skull.  In  Proiapirus  the  top  of  the  skull,  from  the  tip  of 
the  nasals  to  the  occipital  crest,  is  a  nearly  straight  line,  wnile 
in  most  recent  Tapirs  it  is  somewhat  convex,  and  in  T,  terrestm 
{Americantis)  it  is  strongly  convex,  especially  in  the  region  of 
the  parietals  and  frontals.  In  the  characten«  just  mentioned 
T.  rouliniy  among  modern  Tapirs,  is  most  like  Protapirut. 
In  recent  Tapirs  the  nasals  occupy  a  position  considerably  pos- 
terior to  that  of  the  nasals  in  Proiapirus^  in  which  the 
posterior  border  of  the  nasal  opening  is  directly  above  the 
anterior  border  of  the  orbit ;  while  in  recent  Tapirs  it  is  always 
back  of  the  posterior  constriction  of  the  orbit. 

The  nasals  are  slightly  injured  in  the  present  specimen,  and 
it  is  impossible  to  determine  their  exact  length,  they  could 
hardly  have  reached  much  in  front  of  the  posterior  border  of 
the  premaxillaries;  they  are  applied  closely  to  each  other,  but 
are  not  coossified.  They  are  narrow,  deep,  and  triangular  in 
cross-section  anteriorly,  but  gradually  expand  and  present  a 
greatly  thickened  lateral  edge,  posteriorly.  On  the  upper  sur- 
face, and  a  little  in  front  ot  the  middle  of  the  nasals,  there  is 
a  ridge,  running  from  the  inner  margin  obliquely  forward  to 
the  outer,  and  giving  to  these  bones  a  peculiar  twisted  appear- 
ance. The  frontals  are  low  and  broad,  with  distinct  postorbital 
processes;  from  which  temporal  ridges  extend  obliquely  back- 
ward and  inward  and  unite  to  form  a  low,  sharp,  sagittal  crest. 
The  lateral  edges  of  the  frontals,  above  the  orbits,  are  thickened 
and  bent  upward  so  as  to  form  the  external  wall  of  the  groove 
above  described.  The  fronto-parietal  suture  marks  the  point 
of  greatest  constriction  in  the  temporal  fossa.  The  parietals 
are  moderately  expanded,  and  unite  superiorly  in  a  low,  sharp, 
sagittal  crest ;  which  becomes  broader  in  the  region  of  the 
supra-occipitals,  and  gradually  expands  into  the  occipital  crest, 
which  is  deeply  emarginate,  ana  considerably  overhangs  the 
occipital  condyles.  The  combined  length  of  the  parietals  and 
frontals  in  Protapirus  is  considerably  greater  than  that  of  the 
same  bones  in  Tapirus  ivdic^is  or  Elasmognathu^  bairdii,  the 
two  largest  species  of  recent  Tapirs,  notwithstanding  that 
skulls  of  either  of  the  latter  are  fully  two-thirds  longer  than 
the  skull  of  Protapirus  ;  from  this  comparison  the  remarkable 
reduction  of  the  length  of  those  bones,  in  modem  Tapirs, 
becomes  apparent. 
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In  Protapinis^  the  anterior  border  of  the  posterior  nares  is 
•pposite  the  middle  of  m.  2.  The  pterygoids  are  slightly  bifid 
nd  rather  strong.  The  post-glenoid  foramen^  foramen  lace- 
*unh  medium  and  foramen  lacerum  posterius  arc  confluent, 
nuch  as  in  recent  Tapirs.  The  petrosal  is  deeply  inserted. 
The  tympanic  is  not  present  in  our  specimen  ;  it  probably  was  of 
he  nature  of  that  element  in  recent  Tapirs,  in  which,  accord- 
ng  to  Parker,*  it  is  small,  and  does  not  become  ankylosed  to 
;he  surrounding  bones,  so  that  it  is  usually  lost  in  the  process 
)f  maceration,  and  rarely  seen  in  dry  skulls.  I  have  never 
«en  it,  although  I  have  examined  about  fifty  skulls.  The  for- 
imen  ovale  is  in  the  alisphenoid,  at  the  base  of  the  pterygoid. 

2'he  teeth:  The  incisors  are  wanting  and  only  the  roots  of 
;he  canines  are  present ;  they  indicate  that  this  tooth  was  rather 
jmall.  The  crown  of  pm.  1  is  gone  from  both  sides,  and  the 
•oots  indicate  that  there  was  a  considerable  individual  varia- 
:ion  in  the  size  of  this  tooth.  In  the  present  specimen,  the 
)ne  on  the  left  side  was  much  the  larger,  and  was  fixed  in  the 
jaw  by  two  roots ;  while  that  on  the  right  was  quite  small,  and 
jad  only  one  root.  The  succeeding  superior  premolars  gradu- 
illy  increase  in  size,  from  before  backwards;  they  all  have 
external,  and  anterior  and  posterior  basal  cingula,  and  anterior 
md  posterior  cross-crests.  The  internal  cone  of  pm.  4  shows 
I  shallow,  median  groove,  on  its  inner  surface ;  an  indication 
)f  division,  which  is  absent  in  pms.  2  and  3.  The  posterior 
jross-crest  in  pms.  2  and  3  is  rather  better  developed  than 
n  pm.  4.  The  latter  tooth  has  a  somewhat  prominent  para- 
>tyle,  and  its  postero-external  cone  is  situated  a  trifle  farther  in 
:han  the  antero-external.  Molar  L  is  very  much  worn  and  its 
characters,  consequently,  not  well  defined ;  there  is  a  pro- 
lounced  basal  cingulum,  and  the  postero-external  cone  is  situ- 
ited  farther  in  than  the  same  element  in  pm.  4.  In  ms.  2  and 
5,  which  are  both  well  preserved,  and  scarcely  at  all  worn,  the 
intero-external  cone  is  much  larger  than  the  postero- external, 
md  the  latter  is  placed  far  in  from  the  former.  The  parastyle 
is  nearly  as  high  as  the  antero-external  cone,  and  is  continuous 
writh  the  anterior  basal  cingulum.  Tiie  anterior  cross-crest  is 
much  larger  than  the  posterior,  and  is  united  with  the  antero- 
jxtemal  cone  and  not  with  the  parastyle.  Both  of  the  exter- 
nal cones  are  convex  externally.  There  is  a  deep  median  sinus 
which  opens  internally,  but  is  closed  externally.  At  the  head 
rf  the  median  sinus  there  is  a  buttress.  For  an  illustration  of 
ihe  more  important  characters  of  the  skull  and  sup.  dentition 
see  figs.  1,  2,  3,  plate  II. 

The  lower  jaw :  No  lower  jaw  was  found  with  the  type 
specimen,  but  a  lower  jaw  {No.  10,900  Princ.  Coll.),  found  in 

♦  P.  Z.  S.  1882,  p.  776. 
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the  same  locality  and  the  same  horizon,  agrees  perfectly,  in 
size,  with  the  type,  and  I  have  referred  it  to.tJie  same  spedee^ 
and  made  it  a  collateral  type,  figuring  it  in  position  in  fiff.  1, 
plate  II.  The  inferior  border  is  gently  convex,  the  angle  fe 
slightly  deflected,  and  its  border  turned  inward,  as  in  recent 
Tapirs.  The  mental  foramen  is  a  little  in  front  of  pm.  2. 
The  symphysis  is  long  and  much  constricted,  as  in  Tajrirus, 

The  teeth :  Incisors  1  and  2  are  of  about  equal  size  and  mnch 
larger  than  I.  3,  which  is  quite  small,  they  are  all  spatulate  and 
slightly  cupped.  The  canine  is  small,  conical  and  placed  close 
to  I.  3.  The  number  of  the  inferior  premolars  is  reduced  to 
three.  There  is  a  long  diastema  between  the  canine  and  pm. 
2.  All  of  the  pms.  have  two  anterior  cones,  united  by  cross- 
crests  notched  in  the  middle ;  these  cross  crests  are  better  devel- 
oped in  pms.  2  and  3  than  in  pm.  4,  as  has  been  shown  to  be 
the  case  in  the  posterior  cross-crests  of  the  sup.  pms.  The 
antero-external  cone  is  situated  farther  forward  than  the  antero- 
internal.  There  are  also  two  posterior  cones,  but  no  posterior 
cross-crest ;  the  postero-internal  is  the  smaller  and  there  is  a  low 
ridge  running  obliquely  forward  and  inward  from  the  postero- 
external cone  and  uniting  with  the  base  of  the  cross-crest.  In 
addition  to  the  elements  already  described  there  is  a  fifth  cusp 
on  the  anterior  border  of  pm.  2.  The  true  molars  each  have 
two  anterior  and  two  posterior  cones  connected  by  high,  sharp 
cross-crests.  There  are  anterior  and  posterior  basal  cingula  on 
all  the  inf.  molars  and  premolars,  but  no  external  or  internal 
cingula.  The  principal  characters  of  the  inf.  dentition  are 
well  shown  in  fig.  4,  plate  II. 

The  Atlas:  The  articular  surfaces  for  the  occipital  condyles 
are  deep ;  those  for  the  axis  are  of  oiAyj  moderate  extent  and 
curve  inward  exteriorly.  There  is  a  short  dorsal  spine,  and  a 
small  posterior  protuberance  on  the  inferior  arch.  The  trans- 
verse processes  are  only  moderately  expanded  laterally,  and  pos- 
teriorly they  extend  but  little  beyond  the  articular  surfaces  for 
the  axis.  There  is  a  vertebrarterial  canal,  and  foramina,  for 
the  inferior  and  superior  branches  of  the  first  spinal  nerve. 
The  present  specimen  agrees  in  every  essential  character  with 
the  atlas  of  Elasmognathus  bairdii* 

The  fore  limb:  The  humerus  is  proportionately  rather 
strong  and  does  not  diflFer  materially  from  that  bone  in  recent 
Tapirs.  The  head  is  broad  and  sub-triangular  in  cross-section ; 
the  articular  surface  is  continued  upon  the  inner  surface  of 
the  greater  tuberosity,  which  is  much  larger  than  the  lesser, 
and  is  produced,  anteriorily,  into  an  obtuse  point  which  over- 
hangs the  bicipital  groove.     The  deltoid  ridge  is  prominent, 

*  An  atlas  of  E,  bairdii  in  tho  Princ.  Coll.  has  the  vertebrarterial  canal  present 
on  one  side  and  absent  on  the  other. 
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without  the  hook  seen  ia  recent  Tapirs.  The  supinator 
3  is  rather  more  prominent  than  in  recent  Tapira.  The 
-nal  condyle  is  broader  and   stronger   than   the  external. 

anconeal  fossa  is  deep  and  the  eapratrochlear  shallow : 
a  is  no  intercondylar  foramen.     The  asis  of  the  trochlea 

nearly  right  angles  to  that  of  the  shaft.  The  intercondy- 
ridge  is  prominent  and  situated  well  ootward,  the  ulnar 
:alaUon  being  much  larger  than  the  radial. 


he  radius  and  ulna  are  proportionally  rather  more  slender 
.  the  bnmerns.  The  olecranon  is  not  pointed  superiorly  as 
'HasTnognathua,  but  is  of  nearly  equal  nreadth  from  top  to 
cm.  The  proximal  articulations  of  the  radius  and  ulna 
'    about  the   same   relations   to    each   other,   and   to   the 
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hnmerns  as  those  of  Elasmognaihu%.  Our  material  does  not 
enable  me  to  add  anything  to  what  Wortman  and  Earle  have 
already  made  known  respecting  the  structure  of  the  carpus. 

Measurements  of  Protapirus  validus. 

Length  of  skull  from  base  of  canine  to  occipital  condyle. .  242"'' 

Length  of  frontals  and  parietals 151 

Distance  between  postorbital  processes  of  frontals 73 

Greatest  length  of  lower  jaw 227 

Depth  of  jaw  below  pm.  2 33 

«<  «  "        4 46 

Length  of  inferior  diastema 32 

**      superior       " 27 

"  "  premolar  raolar  series 102 

"  **  molar  series 58 

"      inferior  premolar-molar  series 102 

"  **  molar  series 57 

**      humerus 203 

Breadth  of  distal  end  of  humerus 41 

Length  of  radius 158 

Breadth  of  proximal  end  of  radius .    82 

Breadth  of  distal  end  of  radius 29 

Length  of  ulna 216 

Height  of  olecranon  process  above  articular  surface 40 

Protapirus  simplex  W,  &  E. 

This  species  is  known  only  from  the  superior  premolars  and 
fragments  of  the  lower  jaw.  There  is  in  our  collection  a 
lower  jaw  (111661  with  tlie  inferior  dentition  and  both  rami 
nearly  complete,  lound  by  Mr.  H.  F.  Wells  in  the  Protoceras 
beds,  in  the  same  locality  as  the  material  just  described.  Kot- 
withstanding  the  horizon  in  which  this  specimen  was  found 
on  account  of  its  size  and  the  structure  of  the  premolars  I 
refer  it  to  Protapirus  simplex.  It  is  smaller  than  the  law 
referred  to  P.  validus,  and  the  premolars  are  in  a  lees 
advanced  stage,  the  postero-internal  cone  being  quite  rudimen- 
tary. It  differs,  also,  from  P.  validus  in  that  the  cross-crest 
on  pm.  4  is  in  advance  of  the  same  element  in  pms.  2  and  3, 
while  just  the  opposite  is  the  case  in  the  latter  species.  A 
further  structural  difference  is  noticeable  in  pm.  2  ;  in  this 
tooth  in  P,  validus  the  ridge,  which  runs  forward  from  the 
postero-external  cone,  unites  with  the  antero-external,  while 
in  the  present  specimen  it  unites  with  the  antero-intemal. 
The  principal  dental  characters  of  this  specimen  are  shown  in 
figs.  5  and  5a,  plate  III;  the  last  molar  is  dropped  down  in 
each  to  accommodate  the  figures  to  the  size  of  the  plata 
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MeasuremenU, 

Greatest  length  of  jaw 220"*°* 

Depth  of  jaw  below  pm.  2 31 

"  '*'  "       ra.  3 40 

Length  of  diastema 30 

Length   of  premolar-molar  series 98 

"  molar  series 66 

Colodon  (Marsh).* 

The  present  genus  is  distinguished  from  Protapirue^  which 
;  most  resembles,  by  the  presence  of  a  fifth  cusp  on  the  last 
iferior  molar;  by  the  reduction  of  the  number  of  lower  incis- 
rs  to  two  on  either  side ;  by  the  more  molariform  superior 
remolars  and  by  the  shape  of  the  postero-external  cone  of  the 
aperior  molars,  which  in  the  present  genus  is  concave  on  its 
xternal  surface.  The  inferior  premolars  of  Colodon  are  dis- 
inct  from  those  of  Protapirus^  in  that  the  postero-external 
one  is  always  connected  with  the  antero-external  by  a  low 
idge.  The  second  inferior  premolar  is  proportionately  very 
auch  shorter  in  Colodon  than  in  Protapirus, 

Although  remains  of  Colodon  are  rarely  found,  yet  five 
pecies  have  already  been  proposed,  viz  :  C,  (Lophiodon)  occi- 
mtalis  (Leidy)t,  founded  on  a  last  inferior  molar;  C  luxatiie 
Marsh):j:,  founded  on  a  lower  jaw  in  which  pm.  2  is  absent ; 
?.  ddkotensia  (O.  and  W.)§,  founded  on  a  complete  superior 
lentition,  with  a  portion  of  an  inferior  dentition  and  sup.  pm. 
,  from  another  individual  as  a  collateral  type ;  C.  procuspidor 
^  (0.  and  W.),||  founded  on  a  superior  dentition  from  one 
ide  in  which  m.  3  is  wanting  and  pm.  1  is  injured,  and  C, 
Mesohippus)  longipes  (O.  and  W.),^  founded  on  a  hind  foot 
ow  provisionally  referred  to  Colodon  although  first  described 
8  MesoJnppus  longipes.  Prof.  Marsh's  type  of  C  luxatue 
frees,  in  size  and  all  essential  characters,  with  Leidy's  ocd- 
mtalie  in  so  far  as  we  are  able  to  determine  those  of  the 
itter,  from  Leidy's  description  and  figures,  and  both  appar- 
3tly  belong  to  the  same  species. 

Osbom  and  Wortman  remark,  in  closing  their  description  of 
, procuspidatus,  that  "the  only  means  at  present  known  of 
stinguishing  C.  procuspidatus  from  C.  occidentale  (spelling 
eirs)  is  by  the  smaller  size  and  generally  less  robust  charac- 
r  of  the  latter."     They  give  the  horizon  as  the  Metamyno- 

♦  See  this  Journal,  June,  1890.  p.  524,  and  Nov.,  1893,  p.  411. 
t  See  Extinct  Mam.  Fauna.  Dak.  and  Neb.,  p.  239. 

Loc.  cit. 

See  Bull.  Am.  Mus.  Nat  Hist.,  vol.  vii,  p.  3G2. 
See  Bull   Am.  Mus.  Nat  Hist,  vol.  vii,  p.  364. 
^  See  Bull.  Am.  Mus.  Nat.  Hist,  vol.  vii,  p.  366,  and  vol.  vi,  p.  214. 
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don  layer.  Mr.  Gidley,  who  found  the  specimen,  informs  m 
that  it  is  from  the  Oreodon  beds  below  the  Metamynodan  lam 
No  measurements  of  the  type  are  given,  except  to  say  uai 
"so  far  as  the  measurements  are  concerned,  it  agrees  yei] 
closely  in  size  with  (7.  dakotensis,^^  In  giving  the  measore 
ments  of  the  latter  species  they  place  in  another  eolaran,  foi 
comparison,  corresponding  measurements  of  C.  occidentalu 
but  they  do  not  give  the  measurements  of  Leidy's  type,  bnl 
those  of  a  smaller  individual,  referred  by  Wortraan  and  Earle* 
to  that  species ;  in  this  way  they  obtain  as  the  comparative 
length  of  the  last  lower  molar  of  C.  procuspidatus  and  C,  ocd 
dentalis  '026  of  a  meter  for  the  former  ana  '019  for  the  latter, 
while  the  natural  size  figure  of  that  tooth  in  C.  occidentalu^ 
published  by  Leidy  in  his  description  of  the  species,  measares 
a  little  more  than  '022  of  a  meter,  showing,  that  both  the 
smaller  measurements  and  the  larger  are  well  within  the  limits 
of  specific  variation.  I  have  therefore  c<»nsidered  it  best  to 
regard  procuspidatiis  as  also  a  synonym  of  occide7italis. 

Disregarding  O,  longipes,  which  may  or  may  not  belong  to 
the  genus  Colodon^  and  which,  if  it  should  prove  to  belong  to 
that  genus  will  quite  likely  be  found  to  pertain  to  one  of  the 
previously  known  species,  the  following  is  submitted  as  a  key 
to  the  species  of  Ooiodon. 

1.  The  internal  cusps  of  sup.  pms.  2, 3,  4,  showing  signs  of  diyisioD. 

Postero-internal  cone   of    inferior  pms.  smaller  than  pes* 
tero-external  C  dakotensis. 

2.  Two    distinct  internal   cusps  on  sup.  pms.  2,  3,  4.    Postero- 

internal cone  of  inf.  pms.  as  large  or  near!}'  as  large  » 
postero-external  O.  occidenUUis. 

m 

Colodon  (Lophiodon)  occidentalh  Leidy. 

Syn.  C,  luxatus,  C,  procuspidatus,  and  C,  longipes  f 

There  are  in  our  collections  several  jaws  and  groups  of  teeth 
referable  to  this  species,  a  crown  view  of  the  inf.  dentition  of 
one  of  these  (No.  10963)  is  shown  in  fig.  6,  plate  III.  It  is 
peculiar  in  the  structure  of  pm.  2,  in  which  tooth  there  is  but 
one  anterior  cusp,  a  character  not  seen  in  any  other  specimes 
of  Colodon.  The  postero-internal  cone  on  all  the  premolars  in 
the  present  specimen  equals  in  size  the  postero-external 
These  characters  might  be  regarded  as  of  specific  importanoe 
but  I  prefer  to  consider  them  as  only  individual  variations 
after  studying,  with  some  care,  the  individual  variations  in  th( 
stnicture  of  tlie  teeth  of  modern  Tapirs.  In  all  of  the  jaws  ii 
our  collection  referred  to  C,  occidentalism  the  teeth  are  propoi 

*  Bull.  Am.  Mua.  Nat.  Hist ,  vol.  v,  p.  178. 
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lonately  narrower  than  in  those  referred  to  C,  dakotensis. 
ihe  present  specimen  is  from  the  Oreodon  beds,  below  the 
ftetamynodon  layer. 

MiUc  dentition :  Portions  of  two  lower  jaws  (Nos.  1050-7 
and  10506,  fig.  2  and  7,  plate  III)  in  our  collection  are  of 
interest,  inasmnch  as  they  show  successive  stages  in  the  erup- 
tion of  the  milk  and  permanent  dentitions.  In  10507  the  first 
milk  molar  has  been  broken  off  and  lost,  but  the  second  and 
third  are  still  in  place,  and  immediately  behind  them  is  the  first 
permanent  molar  fully  erupted  and  behind  it  m.  2  may  be 
seen  just  commencing  to  cut  the  gum.  Beneath  the  decidu- 
ous molars  and  the  anterior  half  of  the  first  permanent  molar, 
the  bone  from  the  inside  of  the  jaw  has  been  removed,  expos- 
ing the  unborn  premolars  in  position.  By  a  glance  at  fig.  2, 
plate  III,  it  will  at  once  be  seen  that  these  teeth,  as  well  as  per- 
manent molar  2,  occupy  a  position  in  the  ramus  considerably 
posterior  to  that  whicn  they  will  assume  when  fully  erupted. 
In  other  words,  in  the  process  of  eruption  they  will  move  for- 
ward and  upward.  No.  10506  has  all  the  deciduous  molars  in 
place  and  the  first  permanent  molar  just  coming  into  place. 
As  has  been  remarked  by  O.  &  W.,  the  last  two  milk  molars 
closely  resemble  the  permanent  set,  while  the  first  is  like  the 
corresponding  premolar.  These  specimens  were  found  by  Mr. 
J.  W.  Gidley  in  the  upper  Titanotherium  beds. 

Measuretnents  of  0,  occidentalis  {No,  10953  Frinc,  ColL) 

Length  of  inf.  premolar-molar  series 82™™ 

*'       "  "         series 32 

"       **     molar  "      60 

**     last  inferior  molar 21 

Colodon  dakotensiSj  O.  cfc  W. 

In  describing  this  species,  Osborn  and  Wortman  have 
described  the  postero-intemal  cusp  of  the  last  lower  premolar 
as  double,  placing  considerable  importance  upon  this  cnaracter^ 
and  the  absence  of  external  and  internal  basal  cingula  on  the 
mperior  premolars.  The  double  character  of  the  postero-internal 
;osp  of  the  last  lower  premolar  is,  probably,  of  little  importance, 
lince  in  their  collateral  type  specimen  it  is  very  faint,  and  has 
nore  the  nature  of  a  basal  cingulum  than  of  a  cusp,  and  more- 
lyer,  a  similar  st^te  of  affairs  is  noticeable  on  some  of  the 
mallest  of  our  specimens,  referred  to  C.  occidentalis.  Too 
auch  importance  should  not  be  given  to  the  presence  or 
beence  of  basal  cingula,  which  have  been  shown  by  Nathusius* 
y  depend,  in  living  animals,  largely  upon  the  abundance  or 

•    *  See  Der  Schweinscbadel. 
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scarcity  of  nourishment.     The  more  molariform  superior  pre- 
molars and  the  usually  larger  size  and  more  robust  character  of 
all  the  teeth  of    C,  dakotensis  at    once  distin^ish  it  from 
C.  occidentalis.     Several  specimens  in  the  Pnnc.  Coll.  are 
referred  to  this  species,  one  of  which  (No.  11159)  consists  of  a 
median  ungual  phalanx,  found  associated  with  a  fragmentarj 
lower-jaw,  in  which  the  inferior  dentition,  excepting  tne  canine 
and  m.  3,  is  complete  and  in  a  splendid  state  of  preservation. 
The  ungual  phalanx  and  a  crown  view  of  the  teeth  are  shown 
in  tigs.  3  and  3a,  plate  III.     This  specimen  was  found  by  Mr. 
Wells,  and  no  record  was  kept  as  to  the  horizon  ;  from  the 
nature  of  the  matrix  it  appears  to  be  from  the  Oreodon  beds 
below  the  Metamynodon  layer.     There  may  be  some  doubt  as 
to  whether  the  ungual  found  associated  with  the  teeth  reall? 
belongs  with  them,  but  from  the  texture  of  the  bone,  color, 
etc.,  I  believe  they  pertain  to  the  same  individual;  it  is  in 
shape  remarkably  like  the  same  bone  in  Mesohippus,  bat  inoch 
larger  than  that  in  any  species  of  that  genus  known  from  the 
lower  Oreodon  beds.     It.  also  resembles  the  same  bone  in  the 
third  digit  of  Elasmognathus  and  like  that  bone  in  this  genns 
and  in  Mesohippus  it  is  notched  in  front. 

The  incisors  in  the  present  specimen  are  very  large,  chisel 
shaped  and  their  crowns  are  slightly  excavated  or  cupped. 
The  premolars  and  molars  are  very  strong. 

Measurements  of  C.  dakotensis  (N'o,  11159  Princ.  CoU.) 


mm 


Length  of  inf.  pms.  and  ras.  1  and  2 75 

"  "  40 

Depth  of  ramus  below  m.  1 35 

Length  of  ungual  phalanx 24 

Breadth     "  " 22 


Hecent  Tapirs. 

I  do  not  expect  to  be  able  to  add  much  to  our  present  knowl- 
edge of  recent  Tapirs,  but  rather  to  collect  and  condense* 
part  of  what  is  already  known  of  the  dental  characters,  and 
the  osteology  of  the  skull,  in  the  five  now  generally  accepted 
species;  with  a  list  of  the  synonymy  of  each,  complete,  in  so 
far  as  the  literature  available  will  permit.  The  following  key 
to  genera  and  species  is  submitted. 

A.  Maxillaries  greatly  expanded  superiorly  and  embracing  th 
mesethmoid  cartilage,  xchich  in  adidt  specimens  is  ossified  and 
extends  as  a  bony  plate  far  in  front  of  the  nasals.  PremaxiUariti 
short  a7id  obtuse  posteriorly JSlasmognathm, 
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K  Nasals  longer  than  their  combined  width,  and  applied  to  one 
another  throaghoat  the  greater  part  of  their  length,  each 
naaally  ossified  from  a  single  center E.  hairdii, 

2.  Nasals  broader  than  long,  more  or  less  separated  by  an  ante- 
rior prolongation  of  the  frontals,  each  usually  ossified  from 
two  separate  centers jE  dowi, 

B.  Oseification  of  mesethmoid  cartilage  never  extejiding  much 
in  front  of  middle  of  nasals,  Superior  border  of  maxillaries  low, 
and  widely/  separated  from  each  other,  Premaxillaries  long  and 
acute  posteriorly Tapirus, 

1.  Premaxillo-mazillary  sature  bisecting  alveole  for  canine.    Pre- 

maxillary  deeply  embraced  by  superior  and  inferior 
branches  of  the  maxillary.  Sagittal  crest  broad  and  low. 
Nasals  broad  and  long,  sup.  pm.  2  molariform  . .  7!  indicus. 

2.  Premazillo-maxillary  suture  passing   in  front  of   alveole  for 

canine.  Premaxillary  not  deeply  embraced  by  superior 
branch  of  maxillary.  Sagittal  crest  sharp  and  high.  ISasals 
broad  and  short.    Sup.  pm.  2  molariform T.  terrestris, 

3.  Premaxillo-maxillary  suture  passing   in    front  of    alveole   for 

canine.  Premaxillary  scarcely  at  all  embraced  by  superior 
branch  of  maxillary.  Sagittal  crest  sharp  and  low.  Nasals 
long  and  narrow.     Sup.  pm.  2  submolariform  . .    T,  roulini, 

Tapirus,  Brisson  (1756)  Regne  Anim.,  p.  118. 

^n,  Rhinochoerus  (Oray),   Rhinochoerus   {Wagner)     in   part, 
Hydrochoerus  {Erxlebeth)  vipart,  Sys.  Reg.  An.,  1777,  p,  191, 

Tapirus  roulini  Fischer.* 

^yn,  T,  pinchacus,  T,  villosuSy  T,  leucogenys,  T,  cenigmaticus  and 
Tapir  pinchaque, 

A  fiknll  and  the  snp.  dentition  of  the  present  species  are 
shown  in  fig.  2,  plate  V,  and  figs.  2  and  2a,  plate  IV,  drawn 
from  No.  204  in  the  Yale  osteological  collection.  T,  roulini 
is  the  smallest  and  least  specialized  of  all  the  recent  Tapirs. 
The  skull  is  low,  narrow  and  flat,  the  nasals  are  long,  pointed, 
coossified,  and  posteriorly,  they  are  but  little  lower  tlian  the 
frontals.  The  premaxillaries  are  scarcely  at  all  embraced  by  a 
saperior  arm  of  the  maxillaries  and  the  latter  projection  is  not 
higher  than  the  embraced  portion  of  the  premaxillary.  The 
ossified  septum  does  not  extend  in  front  of  pos.  border  of 
nasal  opening.  The  cavity  for  lodgment  of  cartilaginous  air 
rinus  is  deep,  but  extends  but  slightly  upon  the  base  of 
the  nasals.  The  floor  of  the  orbit  is  shallow  but  deeper 
than  in  T.  indicics.  The  foramen  magnum  is  absolutely  and 
relatively  larger  than  in  any  of  the  other  species.     Sup.  pm.  1 

*  Fischer's  Synops.  Mam.  Add.,  p.  406. 
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is  much  longer  than  broad  and  the  internal  cone  is  situated  oo 
the  extreme  postero- internal  angle  and  is  quite  mdimentaiy. 
The  antero-internal  cone  in  sup.  pm.  2  is  a  mere  tubercle  and 
the  anterior  cross-crest  is  absent. 

Tapirus  (Hippopotamus)  terrestrU^  Linn.* 

8yn.  T.  americanus,  T.  anta^  T,  suiUus^  T.  UxuriUardi^   7!  equa- 
dorensia. 

The  principal  characters  of  the  sknll  and  sup.  dentition  of 
this  species  are  shown  in  fig.  1,  plate  V,  and  1  and  la,  pkte 
IV,  wnich  have  been  drawn  from  No.  157  in  the  Yale  Coll. 
The  present  species  seems  to  be  most  closely  related  to  the  pre- 
ceding ;  the  sKulI,  like  that  of  the  former,  is  compressed  and 
there  is  a  sharp  sagittal  crest  in  both;  bat  in  the  present 
species  the  sagittal  crest  is  convex  antero-posteriorly  and  ele- 
vated far  above  the  nasals,  which  are  short  and  broad  m  marked 
contrast  to  those  conditions  which  have  been  found  in 
T,  roulini.  The  preraaxillaries  have  an  extended  contact  with 
the  maxillaries  ana  are  slightly  embraced  posteriorly  by  a  supe- 
rior branch  of  the  latter  whicn  is  not  elevated  above  the  pre- 
maxillary.  The  excavation  for  the  air  sinus  is  mainly  in  the 
frontals  and  maxillaries,  near  the  base  of  nasals  and  does  not 
encroach  much  upon  the  latter.  The  first  sup.  premolar  ifl 
nearly  as  broad  as  long  and  the  internal  cone  is  near  the  mid- 
dle of  the  tooth.     Sup.  pm.  2  is  entirely  molariform. 

Tapirus  indicus  Desm.f 

Syn.  T.  sumatranusy  T,  maylayanuSy  T,  bicolor^  T,  me, 

A  skull  and  sup.  dentitian  of  T,  indicus  are  shown  in  figs. 
3,  plate  V,  and  3  and  3a,  plate  IV,  drawn  from  No.  200  in  4e 
Yale  Coll.     As  has  been  noticed  by  Gill  the  present  species 
more  nearly   resembles  species  of ,  Elasmognaihus  than  do 
either  of  the  other  species  of  Tapiriis^  among  the  points  of 
resemblance  the  following  are  noteworthy.     The  premaxillar- 
ies  are  embraced  by  the  maxillaries  and  the  superior  branches 
of  the   latter    are    produced    above   the    premaxillaries   and 
approach  each  other  medially.     The  mesethmoid  cartilage  is 
ossified  ae  far  forward  as  the  middle  of  the  nasals  in  adult 
specimens.      The   frontals  are  broad   and   abruptly  elevated 
above  the  base  of  the  nasals,  precisely  as  in  ElasmognathnB. 
The  premaxillo-maxillary   suture  bisects  the   alveole  for  the 
canine,  in  this  respect  T.  indicus  is  unique  among  modem 
Tapirs,  and  I  have  found  this  character  absolutely  constant  in 

*^Sys.  Nat.,  lOth  ed.,  1758.  f  Desm.  Mam.,  p.  411. 
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all  the  sknils  I  have  been  able  to  examine  and  in  the  pablished 
figures  of  them.  The  nasals  are  long,  broad  posteriorly,  narrow 
anteriorly  and  separated  thronghout  their  entire  length,  near 
their  base  there  is  a  deep  excavation  for  the  lodgment  of  the 
cartilaginous  air  sinus.  Sup.  pm.  1  is  longer  than  broad,  the 
internal  cone  is  placed  farther  forward  tnan  in  T.  rovlini. 
The  cross-crests  in  sup.  pm.  2  are  not  complete  in  the  present 
specimen,  but  I  notice  tnat  in  other  specimens  they  are  quite 
complete. 

Elasmognathus  Gill.* 

This  genus  has  not  been  generally  accepted,  but  the  charac- 
ters assigned  to  it  by  Dr.  Gill  are  constant  and  seem  to  be  of 
generic  importance.  In  addition  to  the  characters  already 
pointed  out.  I  may  mention  the  extreme  breadth  of  the  top 
of  the  skull  which  may  almost  be  described  as  without  a 
sagittal  crest,  and  the  invariably  complete  molariform  condition 
of  snp.  pm.  2.  Species  of  the  present  genus  rival  in  size 
T.  indicts,  the  largest  of  the  species  of  Tapirus^  and  include 
the  most  specializea  forms  belonging  to  thexapiridae. 

JEXasmognathtcs  bairdii  GilLf 

The  principal  characters  of  the  skull  and  sup.  dentition  of 
this  species  are  shown  in  figs.  4,  plate  V,  and  i  and  4a,  plate 
IV,  drawn  from  No.  515  in  the  Yale  Coll.  The  ascending 
posterior  arm  of  the  maxillaries,  which  articulate  with  the 
lachrymals  and  f rentals  is  much  compressed  and  entirely  con- 
cealed by  the  latter  bones,  when  the  skull  is  viewed  from  the 
side.  The  premaxillary  is  short  and  obtusely  pointed,  posteri- 
orly. The  post-tympanic  and  postglenoid  processes  approach 
each  other  inferiorly  but  do  not  meet.  The  nasals  are  longer 
than  broad,  are  closely  applied  throughout  their  entire  length 
and  coossified  in  old  individuals ;  they  usually  ossify,  each, 
from  a  single  center,  and  posteriorly,  they  are  but  little  sepa- 
rated by  the  anterior  median  prolongation  of  the  frontals. 

JElasmognathus  dowi  Gill.J 

In  general,  the  skull  and  dentition  of  the  present  species 
resembles  so  closely  those  of  the  preceding  that  it  is  not  neces- 
sary to  figure  the  latter.  Alstong  has  shown  that  most  of  the 
specific  cnaracters  ascribed  to  £,  dowi  are  quite  variable,  and 
hardly  of  specific  importance.     He  says  on  page  98  of  the  work 

*  See  Proa  Phil.  Acad.  Sci.,  1865,  p.  183. 
f  See  Proc.  Phil.  Acad.  Sci.,  1865,  p.  183. 

SSee  this  Journal,  1870,  p.  142. 
SeeBiologia  Oentrali-AmericaDa,  Mammalia  bj  Edward  R.  Alston,  1879-1882. 
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just  cited :  '^  The  comparison  of  a  sufficient  series  of  skullB  in 
any  species  of  Tapir  shows  the  existence  of  a  very  remarkable 
extent  of  individual  variation  in  minor  dental  and  cranial  char- 
acters; and  I  have  not  found  any  of  the  diflEerences  pointed  cot 
by  Dr.  Gill  as  distinguishing  T,  dowi  from  T.  hairdii  to  be 
constant,  except  the  extraordinary  modification  of  the  fronto- 
nasal region."  After  figuring  and  describing  at  some  length 
the  different  characters  in  the  region  of  the  nasals,  on  page 
100,  Alston  summarizes  these  characters  as  follows: 

'M.  T.  hairdii.  Nasals  well  developed,  each  ossiBed  from  a  single 
center,  separate  throughout  life,  thick  at  their  base,  and 
articulated  with  one  another  for  the  greater  part  of  their 
length." 

"  2.  T.  dowi.  Nasals  very  small,  each  ossified  from  two  center?, 
thin,  more  or  less  separated  from  one  another  by  an  ante- 
rior prolongation  of  the  frontals,  with  which  they  become 
partially  or  entirely  ankylosed  before  the  animal  reaches 
maturity." 

Had  Alston  had  more  material  he  would  doubtless  have 
arrived  at  the  same  conclusion  regarding  the  nasal  characters 
that  he  did  in  regard  to  those  of  other  parts  of  the  skull. 
I  find  these  characters  exceedingly  variable,  and  in  the  verv 
extensive  collection  of  skulls  of  ElaBmognathu%  in  the  National 
Museum,  which  I  have  had  the  privilege  of  examining  and  fig- 
uring, every  gradation  between  these  two  types  of  nasals  is 
shown.  I  have  selected  a  series  of  five  of  these  skulls,  show- 
ing as  many  different  degrees  of  variation,  and  have  had  the 
fronto-nasal  region  in  each  drawn,  and  they  are  shown  here  in 

SI.  Ill,  figs.  A,  B,  C,  D,  E.  From  an  examination  of  these 
gures  in  cormection  with  what  has  already  been  said,  it  will 
at  once  be  seen  that  as  yet  no  character  has  been  found  by 
which  it  is  possible  always  to  distinguish  E,  dowi  from  E,  hair- 
diij  and  they  might  be  considered  synonyms,  although  I  have 
preferred  to  retain  both,  and  consider  the  former  as  the  less 
specialized  of  the  two,  and  the  direct  ancestor  of  the  latter, 
which  has  not  as  yet  been  fully  differentiated  from  it.  It 
might  better  be  considered  as  a  sub-species. 

Ph}/logeni/, 

Wortman*  and  Earle  in  their  most  excellent  paper  entitled 
''^  Anceaiora  of  the  Tapir  from  the  Lower  Miocene  of  DaJcota^' 
have  reviewed  very  fully  the  work  done  by  Marsh,  Cope,  Scott 
and  Osborn  on  the  phylogeny  of  the  Tapirs.  They  (Wortman 
and  Earle)  derive  the  true  tapirs  from  the  Wind  Kiver  genus 

*  See  Bull.  Am.  Mus.  Nat.  Ilist.,  vol.  v,  pp.  159-180. 
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^^emodon  through  the  intermediate  forms  laectolophus  {Hel- 
?«)  latidens  of  the  Bridger,  JsectolopAus  annectena  from  tlie 
ta,  Protapirus  simplex  and  P.  ohquidens  from  the  White 
er  and  perhaps  Tapiravus  from  the  Loup  Fork.  They  cite 
vidences  against  tliis  line  of  descent,  the  union  of  the  pro- 
ph  with  the  parastyle  instead  of  the  paracone  in  both  species 
^sectolophtis  and  the  submolariform  character  of  sup.  pms.  3 
4  in  that  genus  as  described  by  Osborn.*  I  have  carefully 
ofiined  both  of  these  types  and  can  say  that  the  union  of  the 
toloph  is  with  the  paracone  rather  than  the  parastyle,  the 
union  being  with  the  ectoloph  a  little  in  front  of  the  para- 
e.  In  regard  to  the  sup.  pms.  Prof.  Osborn  says  (on  page 
of  the  paper  just  cited):  ''These  are  wanting  in  the  Uinta 
3imen8,  but  the  Bridger  species  which  was  formerly  referred 
us  to  Helaletes  {JJ.  tatiaens)  is  closely  related  to  Isectolo- 
«,  if  not  generically  the  same,  and  shows  double  internal 
38  upon  both  pm.  3  and  pm.  4 ; "  and  just  below  on  the 
e  page  in  his  Generic  characters  he  says,  "  Fourth  and 
bably  third  premolars  in  both  jaws  submolariform  or  with 
ble  internal  cones."  These  are  certainly  errors  of  observa- 
I  and  description,  since  in  sup.  pm.  4,  which  is  the  only 
erior  premolar  complete  and  in  position  in  the  type  of 
htidens^  the  internal  cone  is  absolutely  simple  and  wUhout 
faintest  signs  of  division^  the  same  may  be  said  of  the 
y  sup.  pm.  at  present  known  of  Isectolophus  amiectens. 
)f.  Osborn  further  states  on  page  521  that  the  first  inferior 
molar  abuts  against  the  canine;  and  on  page  519,  that 
re  is  no  diastema  behind  the  canine,  these  are  characters  not 
wn  in  any  of  the  type  specimens  of  the  genus ;  and  if  we 
3  to  consider  the  characters  which  obtain  in  this  region  of 

skull  in  the  White  River  Tapiroids,  together  with  the 
reme  conservativeness  of  this  entire  group  in  accomplishing 

dental  or  other  changes,  we  may  infer  that  it  is  quite  prob- 
3,  that  in  the  Uinta  Tapiroids,  there  was  a  considerable  post- 
ine  diastema,  with  a  marked  constriction  of  the  sympnysis 
'he  lower  jaw,  otherwise  we  shall  have  to  conclude  that  the 
>ir8,  toward  the  close  of  the  Uinta,  began  to  progress  very 
idly,  and  in  the  interim  between  that  and  the  beginning  of 
lite  River  times  they  outstripped  all  other  Perissodactyls  in 
omplishing  anatomical  changes,  a  very  improbable  assump- 

Lfter  studying  carefully  all  the  material  referable  to  Isecto- 
\y^  annectens  I  can  only  substantiate  the  views  of  Scott, 
orn,  Wortman  and  Earle  in  referring  Isectolophus  to  the 
nridcB.  I  do  not  consider  Isectolophus  {/lelaletes)  latidens 
a  the  Bridger  as  belonging  to   the  genus  Isectolophus. 

rhe  Mam.  of  the  Uinta  Form.    TraDS.  Am.  Phil.  Soc.,  1889,  pp.  461-672. 
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There  are  marked  differences  iu  the  structure  of  the  sup.  tme 
molars  in  the  two  species  and  when  the  complete  dentition  of 
the  Uinta  species  is  known,  the  dental  formula  and  arrange- 
ment  of  the  teeth  will  doubtless  be  found  to  differ  in  the  two. 
If  hectolophua  {Helaletea)  latidens  can  be  shown  to  differ 
generically  from  Helaletes  it  should  be  made  the  type  of  a  new 
genus.  I  have  never  seen  any  of  Prof.  Marsh's  types  of  Heh- 
letes  and  his  descriptions  do  not  permit  of  an  identification  of 
other  material. 

The  discovery  of  a  nearly  complete  skull  of  Protapirus  with 
characteristic  tapirine  characters,  already  pointed  out,  may  be 
considered  as  additional  evidence  in  favor  of  Wortman  and 
Earle's  views  in  considering  that  genus  as  the  White  Eiver 
ancestor  of  the  Tapirs.  In  taking  this  view  of  the  question, 
however,  the  fact  must  not  be  lost  sight  of,  that  in  Protapiroi 
the  character  of  the  metacone  of  the  sup.  molars  is  not  what 
we  should  expect  to  find  in  a  White  River  Tapir^  and  the 
inferior,  extenial,  lateral  incisor  is  much  smaller  than  we 
should  expect  it  to  be,  since  it  persists  in  recent  Tapirs  and  is 
even  proportionately  larger  than  in  Protapirus.  The  metacone 
in  Protapirus  is  placed  father  in,  and  is  less  prominent  and 
not  so  convex  externally  as  in  Isectolophua^  while  the  same  ele- 
ment in  recent  Tapirs  is  more  prominent  and  has  a  more  exter- 
nal position  than  in  Isectolophx(^,  Thus,  according  to  onr 
present  phylogenetic  arrangement  we  should  have  to  allow  for 
first  a  gradual  shifting  inward  of  the  position  of  this  cone  fol- 
lowed by  a  period  when  it  commenced  to  move  outward  to  its 
normal  position  in  modern  Tapirs ;  a  rather  extreme  case  of 
oscillation  but  not  entirely  inconsistent  with  what  Scott  ha» 
shown  to  have  taken  place  in  the  Equine  series. 

Very  little  is  known  of  the  American  Miocene  representa- 
tives of  the  Tapir  line.  Prof.  Marsh  has  mentioned  tne  occur- 
rence of  two  Miocene  species  of  Tapiroids  which  he  considers 
as  standing  ancestral  to  the  Tapirs.  One  of  these  is  from  the 
Miocene  of  New  Jersey  and  the  other  is  from  the  Loup  Fork 
or  late  Miocene  (early  Pliocene  of  Marsh)  from  east  of  the 
Rocky  Mountains,  no  more  definite  locality  being  given  by 
Marsh.  These  specimens  are  made  the  type  of  a  new  genos 
Tapiraviis  ;  the  one  from  New  Jersey  is  described  as  Tapiravuf 
vaUdus^  while  the  one  from  the  west  is  called  T,  raru^,  I  have 
never  seen  either  of  these  specimens  and  they  have  not  been 
figured,  and  are  only  very  briefly  described  by  Prof.  Marsh. 
There  would  seem  to  be  little  doubt  that  they  belong  to  the 
direct  line  leading  to  the  recent  Tapirs. 

In  Europe  the  paucity  of  Tapir  remains  in  the  Miocene  is 
almost  as  marked  as  in  America.  In  Tapirus  helveticus  of 
Meyer,  from  the  lower  Miocene  of   Eselsberg  near  Ulm,  we 
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doubtless  have  one  of  the  direct  ancestors  of  the  modern  Tapir, 
[n  this  species  snp.  pm.  4  is  entirely  molariform  except  that 
the  posterior  cross-crest  is  not  complete.  Sup.  pm.  3  is  in  the 
same  stage  as  sup.  pm.  2  in  T,  rovlini  of  recent  Tapirs. 
Tajnrus  kdveticus  Meyer  is  perhaps  the  European  equivalent 
of  Tapiravus  validvs  Marsh,  from  New  Jersey.  The  Euro- 
pean species  should  be  referred  to  the  latter  genus  rather  than 
to  Tapirus.  In  regard  to  the  American  species  at  present 
referred  to  Protapirus,  there  may  be  considerable  doubt  as  to 
whether  they  should  not  be  referred  to  a  distinct  genus ;  from 
Filhol's  description  and  figures  there  would  seem  to  be  a  con- 
siderable difference  in  the  relations  of  the  protoloph  to  the 
parastyle  in  the  sup.  true  molars  and  in  the  structure  of  the 
posterior  cross-crest  in  sup.  pm.  4.  The  importance  of  these 
differences  can  only  be  determined  by  an  actual  comparison  of 
the  specimens. 

Of  recent  Tapirs  it  can  be  pretty  well  demonstrated  that 
Elasmognathus  bairdii,  the  most  specialized  of  all,  has  been 
derived  from  T.  roulini  directly  through  T.  terrestris  and  E. 
duvyi ;  while  T.  indicus  had  a  common  ancestry  and  became 
separated  from  the  others,  probably  in  late  Miocene  times, 
since  when  it  has  paralleled  Etasmognathus  in  some  of  its 
characters  though  not  showing  the  same  degree  of  specializa- 
tion. 

In  regard  to  Colodon  and  the  earlier  genera  oi  pseudo-tapirs^ 
I  cannot  agree  with  Osborn  and  Wortman  that  their  line  of 
descent  has  been  entirely  distinct  from  that  of  the  true  Tapirs. 
On  account  of  the,  in  many  respects,  very  similar  tooth  and 
foot  structure  of  the  two,  it  would  seem  that  they  were  both 
derived  from  a  common  Bridger  ancestor,  most  likely  some 
one  of  the  species  now  referred  to  Helalete%  and  which  had  its 
immediate  ancestor  in  Systemodon.  The  true  genus  HeLaletes 
with  sup.  pms.  3  and  4,  already  molariform  according  to  W. 
and  E.,  terminates  a  third  line,  and  is  descended  directly  from 
Heptodon  of  the  Wind  River. 

The  figures  in  the  plates  accompanying  this  paper  were 
drawn  by  Mr.  Rudolph  Weber.  I  wish  here  to  express  my 
thanks  to  Prof.  Scott  for  his  kindness  in  allowing  me  to 
describe  the  important  and  rare  skull  of  Protavirus  as  well  as 
the  other  fossil  material.  To  Prof.  Marsh  1  am  especially 
indebted  for  the  free  use  of  the  very  complete  collection  of 
skulls  and  skeletons  of  recent  Tapirs  in  the  Yale  Museum.  I 
wish  also  to  thank  Mr.  F.  A.  Lucas  of  the  National  Museum 
and  Prof.  Osborn  and  Dr.  Wortman  of  the  Am.  Mus.  of  Nat. 
Hist,  for  the  use  of  material  in  their  charge. 

PrincetOD,  N.  J.,  Jan.  13,  1896. 
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EXPLANATION  OF  PLATES. 

Plate  II. 

FiouBB  1. — Side  view  of  skull  of  Protapirus  validuSf  ^  natural  size. 
FlODRE  2.— Top  "  "  *»  •*  " 

Figure  3.— Bottom    "  "  "  "  "  " 

FiQURE  4.— Grown  view  of  inf.  dentition  of  same,  f  natural  size. 

Plate  III. 

Figures  A,  B,  C,  D,  E.  ^Comparative  series  of  nasals  of  E.  dotvi  and  E.  bairdti 
Figure  2.  — Inside  view  of  young  lower  jaw  of  Colodon  occidentalism  shomD% 

milk  and  permanent  teeth. 
Figure  3. — Crown  view  of  inf.  dentition  of  Colodon  dahotensis. 
Figure  3a.  —  Ungual  phalanx  of  Colodon  dakotensis. 
Figure  4. — Crown  view  of  sup.  m.  3  of  Colodon  sp. 
Figure  5&5a.— Side  and  crown  view  of  inf.  dentition  of  Protapirus  simpUje.   )L 

3  dropped  down  in  each  to  accommodate  size  of  plate. 
Figure  6. — Crown  view  of  inf.  dentition  of  Colodon  occidentalis. 
Figure  7. — Crown         "      "    milk  dentition  of   '*  '* 


Plate  IV. 

Figure  I. — Crown  view  of  sup.  dentition  of  Tapirus  terrestris^  f  nat.  size. 
Figure  2.—  "  '*  **         *'         roulini,         •*       *• 

Figure  3.—  "  '*  "  "        indieus,  **        " 

Figure  4. —  "  "  of  Elasmognathus  bairdii^   "        " 

Figure  1  a.  -  Top  view  of  nasals  and  crest  of  Tapirus  terrcstris,  ^  nat  size. 
Figure  2a.—        "  "  '*  "        "        rtnUiniy         "        " 

Figure  3a.—        "  "  *'  "        "        indicus^        "       *' 

Figure  4a.—        "  "  *'  '' EUtsmognaihushairdii.^vAi.^U' 


Plate  V. 

[All  figs.  \  nat.  size.] 

Figure  1. — Side  view  of  Tapirus  terrestris. 
Figure  2.—  "  *'        roulini. 

Figure  3.—  "  **       indicw. 

Figure  4. —  "  EUismognathus  bairdii. 
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Art.  XVIII. — A  method  for  the  Separation  of  Selenium  from 
Tellurium  hosed  upon  the  difference  in  volatility  oj  the 
Bromides ;  by  F.  A.  Gooch  and  A.  W.  Peirce. 

[ConthbutioDS  from  the  Kent  Chemical  Laboratory  of  Yale  College  ^XLIX.] 

It  has  been  shown  in  previous  articles  from  this  laboratory* 
upon  the  reducibility  of  selenic  acid  by  the  action  of  the  halo- 
gen acids,  that  when  small  amounts  of  selenic  acid  are  boiled 
in  aqueous  solution  with  potassium  iodide  and    hydrochloric 
acid,  selenium  is  precipitated,  while  the  iodine  set  free  simul- 
taneously may  be   collected    in  the  distillate,  estimated,   and 
taken  as  the  measure  of   the  selenic  acid  originally  present; 
that  if  the  iodide  is  omitted  from  the  mixture,  so  that  the 
hydrochloric  acid  alone  shall    be  the  reducer,    the   reduction 
proceeds  only  to  the  point  of  formation  of  selenious  acid,  pro- 
vided the  boiling  is  not  continued  after  the  hydrochloric  acid 
has  reached  the  condition  of  half-strength  at  which  it  boils 
unchanged  under  normal  atmospheric  pressure ;    and  that  a 
solution  of  selenic  acid,  potassium  bromide,  and  sulphuric  acid 
of  regulated  dilution  and  proportions  also  yields  under  defined 
conditions  selenious  acid  as  the  product  of  reduction.     When, 
however,  the  ebullition  of  a  solution  of  selenious  acid  in  hydro- 
chloric acid  is  continued  after  the  acid  has  reached  the  condi- 
tion of  half-strength,  traces  of  selenium  appear  in  the  receiver 
and  connecting  tubes,  the  distillate  sets  free  iodine  from  potas- 
sium iodide,  and  it  is  evident  that  the  selenious  acid  is  under- 
going further  reduction.      So  also   when  the  boiling  of   the 
mixture  of  sulphuric  acid,  potassium  bromide,  and  selenious 
acid  is  pressed  beyond  the  point  at  which  the  solution  begins 
to  be  colored,  selenium  appears  in  traces  in  the  tube  leading  to 
the  receiver  and  the  distillate  liberates  iodine  from  an  iodide. 
Obviously  the  conditions  have  been  at  this  time  reached  in  the 
processes  of  concentration   when  selenium  tetrachloride   and 
selenium  tetrabromide,  respectively,  are  forming  from  the  acid, 
and  that  the  appearance  of  the  elementary  selenium  is    due 
to    partial   decomposition   of    the   halogen   salts.      We   have 
observed  more  recently  phenomena  of  a  similar  nature  (as 
would  naturally  be  expected  under  the  conditions),  when  aque- 
ous solutions  of  selenious  acid,  phosphoric  acid,  and  sodium 
chloride  are  submitted  to  distillation  :    that^  is  to  say,  there 
comes  a  time  in  the  process  of  boiling  such  mixtures  when  the 
appearance  of  elementary  selenium  and  the  action  of  the  dis- 
tillate upon  potassium  iodide  make  evident  the  volatilization 
and  partial  decomposition  of  the  selenium  compounds  of  the 

*Thi8  Journal,  I,  264,  400,  402. 
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halogens,  and  the  farther  continuance  of  the  treatment  resnlts 
in  tno  more  or  less  complete  removal  of  the  selenium  com- 
pounds to  the  distillate.  From  the  mistnre  containinj;  the 
phosphoric  acid,  Belenions  acid,  and  sodium  chloride  we  have 
been  able  to  secure  only  a  partial  volatilization  of  the  seleninm 
chloride.  The  transfer  of  the  seleninm  bromide,  however, 
from  the  mixture  of  the  acids  and  potassium  bromide  is  rapid 
and  complete,  and  this  fact  points  out  a  possible  method  for 
the  separation  of  selenium  from  substances  which  do  not  form 
volatile  products  under  similar  conditions  of  treatment.  Tel- 
lurium proves  to  be  snch  a  substance,  and  the  work  to  be 
detailed  has  to  do  with  a  process  for  the  separation  of  seleninm 
from  tellurium,  based  npon  the  volatility  of  selenium  tetrs- 
bromide  and  the  non-volatility  of  tellurium  tetrabromido  under 
definite  conditions. 

The  selenious  acid  which  we  used  was  made  by  disBolving 
in  water  a  known  weight  of  the  white,  crystalline,  anhydrous 
dioxide  prepared  from  pure  selenium  by  oxidation  with  nitric 
acid,  treatment  in  solution  with  barium  hydroxide  to  remove 
selenic  acid,  and  repeated  sublimation  in  a  current  of  oxygen. 
The  telluriam  was  obtained  in  solntion  in  its  lower  condition 
of  oxidation  by  dissolvine;  in  potassium  hydroxide  a  known 
weight  of  tellurium  dioxide  (made  by  oxidizing  presumably 
pure  tellurium  by  nitric  acid  and  igniting  the  product  at  a  low 
red  heat),  neutralizing  with  phosphoric  acid,  and  redissolving 
in  a  sufficient  excess  of  that  acid  the  precipitate  formed  in  the 
process  of  neutralization. 

In  our  preliminary  experiments  we  made  use  of  a  form  of 
apparatus  previonsly  employed  for  similar  purposes  and 
described  in  former  articles  from  the  laboratory,  viz ;  a  Toil 
flask,  serving  as  the  retort,  sealed  to  the  inlet  tube  of  a  Drexel 
wash-bottle,  used  as  a  receiver,  the  outlet  tube  of  which  was 
trapped  by  sealing  on  Will  and  Varrcntrapp  absorbtion  bnlbe. 
Later  the  apparatus  was  changed  to  the  form  shown  in  the 
accompanying  lignre  by  introducing  a  second  Voit  flask,  in 
order  that  the  seleninm  might  be 
estimated  in  the  distillate  more  con- 
veniently. 

Into  the  flrst  Voit  flask,  V,  were 
put  measured  amounts  of  the  soln- 
tion of  selenious  acid  with  20  cm' 
of  syrupy  phosphoric  acid  (sp.  gr- 
1'70),  1  grm.  of  potassium  bromiae. 
and  water  enough  to  make  the  entire 
volume  of  liquid  50  cm'.  The 
second  flask,  V',  contained  abont 
kept  cool   by  immersion  in   water. 


15  cm'  of  water,  and  i 
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The  Drexel  bottle  and  bulbs  contained  a  solation  of  potassium 
iodide.  A  current  of  carbon  dioxide  was  passed  slowly 
through  the  apparatus  to  secure  quiet  ebullition  and  to  aid  in 
the  transfer  of  the  distillate  to  the  receiver.  Upon  applying 
heat  to  the  first  flask,  V,  the  solution  boiled  quietly  and  with- 
out change  until  the  volume  of  liquid  had  decreased  to  about 
BO  cm*,  when  traces  of  red  selenium  began  to  deposit  in  the 
tube  joining  the  first  and  second  flasks.  When  the  volume  had 
further  diminished  to  about  25  cm*  the  liquid  began  to  take  on 
color,  darkened  rapidly,  and  evolved  bromine,  which  at  once 
Attacked  the  selenium  previously  deposited.  The  greater  part 
3f  the  bromine  was  absorbed  in  the  second  flask,  V",  but  a 
trace  found  its  way  to  the  Drexel  bottle,  in  which  it  set  free  a 
slight  amount  of  ioline  from  the  iodide,  as  was  afterward 
proved  by  the  effect  upon  starch.  As  the  operation  progressed, 
m  orange-yellow  crystalline  solid,  presumably  selenium  tetra- 
bromide  for  the  most  part,  appeared  in  the  tube  where  the 
selenium  had  been,  while  a  dark  oily  liquid,  consisting  largely, 
ao  doubt,  of  the  monobromide,  condensed  in  drops  upon  the 
walls  of  the  flask  and  returned  to  form  a  floating  layer  upon 
:he  hot  liquid.  Finally,  when  the  volume  had  diminished  to 
15  cm*,  the  liquid  had  become  perfectly  clear  and  colorless, 
white  fumes  of  hydrobromic  acid  were  evolved,  and  the  tube 
between  the  two  flasks  had  been  cleared.  At  this  point  the 
operation  was  stopped  and  the  apparatus  allowed  to  cool.  The 
addition  of  potassium  iodide  to  the  contents  of  the  first  flask 
leither  liberated  iodine  nor  precipitated  selenium,  and  to 
proved  that  no  reducible  compound  of  selenium  still  remained 
n  that  flask.  The  amount  of  selenium  which  had  been  volati- 
ized  we  determined  directly  by  means  of  a  method  worked 
)ut  in  this  laboratory  and  to  which  reference  has  already  been 
nade.*  We  introduced  into  the  second  flank,  V*,  which  now 
contained  (beside  a  trace  of  selenium  corresponding  to  the 
light  amount  of  bromine  which  had  escaped  to  the  Drexel 
>ottle)  the  colorless  selenious  acid  regenerated  by  the  action  of 
he  water  and  free  bromine  upon  the  mixed  bromides  which 
lad  distilled,  I  grm.  of  potassium  iodide  and  5  cm*  of  hydro- 
5hloric  acid  and,  after  removing  the  first  flask,  V,  and  connect- 
or the  carbon  dioxide  generator  with  the  inlet  tube  of  V*, 
K>iled  the  solution  ten  minutes  while  a  current  of  carbon 
lioxide  passed  through  this  apparatus.  At  the  end  of  this 
ime  the  iodine  set  free  by  the  action  of  the  iodide  had  been 
imost  completely  removed  to  the  Drexel  bottle,  leaving  a 
learly  colorless  solution  containing  particles  of  dense,  crystal- 
ine  selenium.  The  iodine  in  the  receiver,  including  of  course 
he  small  amount  set  free  by  the  bromine  which  reached  the 

*Gooch  and  Reynolds,  this  Journal,  1,  254. 
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receiver  in  the  first  stage  of  the  process,  together  with  the 
small  amount  remaining  in  the  flasK,  was  titrated  with  sodinm 
thiosnlphate  and  taken  as  the  measnre  of  the  selenium  dioxide 
acted  upon  originally.  In  this  way  we  obtained  the  following 
results : 


SeOi  correspondiDg 

SeOa 

to  iodine  found  in 

taken. 

the  distillate. 

Error. 

grm. 

grm. 

gfrm. 

0-0366 

0  0372 

0-0006  + 

0  0366 

0-0377 

0001 1  + 

0-1098 

0-1090 

0-0008  — 

01098 

O-llOI 

0-0003  + 

It  is  obvious  from  these  results  that  the  iodine  finally  found  in 
the  receiver  is  actually  an  accurate  measure  within  reasonable 
limits  of  the  selenium  dioxide  originally  put  into  V*  and 
volatilized  therefrom  by  the  action  of  phosphoric  acid  and 
potassium  bromide. 

When  tellurium  dioxide  is  subjected  to  similar  treatment 
the  phenomena  are  diflferent.  The  solution  containing  the 
tellurous  acid,  potassium  bromide,  and  phosphoric  acid,  in  the 
proportions  used  in  the  experiments  with  selenious  acid,  colors 
at  about  the  same  degree  of  concentration  at  which  the  solu- 
tion containing  the  selenious  acid  began  to  darken.  As  the 
concentration  progresses  the  color  deepens,  ruby  red  cryst4ds 
(probably  hydrated  tellurium  tetrabromide)  form,  which  accn- 
mulate  upon  the  walls  of  the  fiask  and  turn  yellow,  and  when 
the  volume  of  the  solution  is  diminished  to  16  cm*  a  green 
vapor  begins  to  distil.  During  the  process  no  iodine  is  set  free 
in  the  Drexel  bottle,  and  upon  stopping  the  boiling  we  found 
that  the  addition  of  potassium  iodide  to  V"  liberated  no  iodine, 
even  when  the  boiling  had  gone  so  far  that  a  trace  of  the  green 
vapor  had  condensed  and  run  into  the  water  in  the  flask.  In 
view  of  these  facts  it  seemed  probable  that  the  process  of 
treatment  which  we  have  described  might  be  applied  to  the 
determination  of  selenium  associated  with  tellurium.  In  the 
following  experiments,  made  to  test  the  point,  tellurium  dioxide 
was  weighed  out  and  dissolved  in  strong  potassium  hydroxide, 
the  alkali  was  neutralized  and  the  precipitate  thus  formed  was 
redissolved  by  phosphoric  acid,  and  20  cm'  of  the  acid  of 
sp.  gr.  1-70  were  added  in  excess.  To  the  solution  were  added 
definite  amounts  of  selenium  dioxide  taken  in  a  standardized 
solution  and  1  grm.  of  potassium  bromide,  and  the  whole  was 
introduced  into  the  first  flask,  V*,  with  enougli  water  to  make 
the  entire  volume  of  the  solution  50  cm*.  The  second  flask, 
V,  contained  10  cm'  of  water,  and  the  Drexel  bottle  and  trap 
were  charged  with   a  solution  of  potassium  iodide.     Carbon 
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dioxide  was  passed  through,  and  the  solutiou  in  V*  was  boiled. 
The  phenomena  of  each  individual  set  of  experiments  with  the 
selenious  and  tellurons  acids  occurred  now  together — the  color- 
ing of  the  liquid,  the  evolution  of  bromine,  the  distillation  of 
the  selenium  bromides,  the  crystallization  of  the  tellurium 
tetrabromide,  the  disappearance  of  the  selenium  compounds 
from  the  connecting  tube,  and  the  final  stopping  of  the  distil- 
lation when  the  volume  of  the  residue  has  diminished  to  15  cm". 
After  cooling,  the  first  flask  V*  was  removed,  1  grm.  of  potas- 
sium iodide  and  5  cm*  of  hydrochloric  acid  were  added  to  the 
eontents  of  the  second  flask,  V,  the  current  of  carbon  dioxide 
was  again  started  through  the  apparatus,  the  mixture  was  boiled 
ten  minutes,  and  the  iodine  in  the  flask,  receiver  and  trap  was 
determined  by  titration  with  sodium  thiosulphate  and  taken  as 
the  measure  of  the  selenium  dioxide.  In  some  preliminary 
experiments  trouble  was  experienced  in  removing  the  last 
traces  of  the  selenium  bromides  held  back  mechanically  by  the 
oily  tellurium  compound  which  collected  upon  the  walls  of  the 
distillation  flask  and  in  the  connecting  tube  ;  but  the  difficulty 
was  satisfactorily  overcome  by  cloaking  the  flask  with  a  mantle 
of  asbestos  board  and  flaming  the  connecting  tube  gently 
toward  the  close  of  the  process  of  distillation.  The  results 
obt>ained  are  gathered  in  the  following  table  : 


TeOa 
taken. 

KBr 
taken. 

H.PO4 

(Sp.gr.  1-70) 

taken. 

Final 
volume. 

SeOa 
taken. 

SeOa 
found. 

Error. 
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grm. 

cm^ 

cm*. 

grm. 

grm. 

grm. 

0-1 

1 

20 

16 

00733 

00735 
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4< 

(( 

(( 
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li 

« 

« 
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« 

(( 

(( 
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«( 

i( 
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(( 
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« 
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<( 

« 

0-1019 

0-1022 

0-0003  + 

(( 

(( 

(( 

0-1010 
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(( 

ti 
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0-1001 

0-0006- 

Obviously  the  error  of  the  process,  when  carefully  conducted 
and  applied  to  the  amounts  of  material  which  we  have 
employed,  is  very  small. 
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Art.  XIX. — BestUts  of  Recent  Pendulum  Ob^ervatioM  ;* 

by  G.  R.  Putnam. 

Some   additional    relative  measnrements  of  the  force  of 

Savity  were  made  by  the  Coast  and  Geodetic  Survey  during 
e  summer  of  1895.  This  work  was  done  at  certain  primary 
telegraphic  longitude  stations  of  the  Survey,  and  as  it  wag 
incidental  to  the  longitude  work,  the  points  were  not  selected 
with  especial  reference  to  their  value  as  gravity  stations. 
Notwithstanding  this  fact  and  their  small  number,  they  happen 
to  be  so  located  as  to  be  of  interest  in  several  ways,  and  it  is 
therefore  thought  desirable  to  give  this  preliminary  summary 
of  the  results.  The  observations  were  made  with  the  Menden- 
hall  half-second  pendulums,  and  the  instruments  and  methods 
used  were  almost  identical  with  those  employed  by  the  writer 
at  26  stations  in  1894  and  already  fully  described.f  About 
the  only  change  was  in  the  use  of  two  knife-edges  instead  of 
one.  For  the  purpose  of  further  insuring  the  independence  of 
the  pendulums,  two  pendulums  were  always  swung  upon  one 
knife-edge  and  the  third  upon   the   second  knife-edge.    The 

Jendulums  were  swung  at  the  base  station  in  Washington  in 
anuary,  1895,  and  again  after  the  return  from  the  south  in 
August ;  the  mean  corrected  period  of  the  three  was  in  Janu- 
ary ••5007121,  and  in  Au^st  ••5007113.  This  difference  may 
in  part  be  due  to  some  shght  uncertainty  in  the  temperature 
coefficient.  To  compare  these  periods  with  those  obtained  by 
the  same  pendulums  at  Washington  in  1894,  a  small  correction 
of  +  ••0000004  must  be  added  to  these  means  to  allow  for 
the  fact  that  one  pendulum  was  swung  on  a  different  knife- 
edge,  which  diminished  the  period  of  that  pendulum.  When 
this  comparison  is  made  there  is  found  a  slight  but  un- 
important diminution  in  the  average  period,  as  seems  to  be  the 
general  tendency  of  the  effect  of  use  on  pendulums.  Because 
of  the  fact  that  Austin,  Texas,  formed  one  end  of  several  of 
the  longitude  lines,  opportunity  was  there  afforded  to  make 
some  additional  tests  in  regard  to  the  agreement  of  repeated 
but  entirely  independent  determinations.  A  full  series  of 
observations  was  made  at  the  end  of  April  in  a  very  favorably 
located  basement  room  in  the  granite  Capitol  of  tne  state  of 
Texas.     The  apparatus  was  then  used  at  Laredo  and  Galveston 

*  Published  by  permission  of  the  Superintendent  of  the  U.  S.  Coast  and 
Geodetic  Survey.  Uead  before  the  Philosophical  Society  of  Washing^n,  Jan.  18, 
1896. 

f  Report  U.  S.  Coast  and  Geodetic  Survey  for  1894,  Appendix  No.  1;  alsa 
"  Results  of  a  trans-continental  series  of  gravity  measurements:  "  Bulletin  Philo- 
sophical Society  of  Washington,  vol.  xiii,  p.  31. 
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and  brought  back  to  Austin,  where  early  in  June  it  was  set  up 
in  the  basement  of  the  State  University,  somewhat  more  ele- 
vated and  to  the  northward  of  the  Capitol.  Here  two  com- 
plete and  independent  sets  of  observations  were  carried  out, 
with  the  pendulums  swinging  in  the  prime  vertical  in  the  first 
set  and  in  the  meridian  in  the  second  set.  After  applying  a 
correction  to  the  Capitol  observations  to  reduce  to  the  eleva- 
tion and  latitude  of  the  University,  the  corrected  periods  were 
found  to  be : — 

Pendulmn  A4.    Pendulum  AS.    Pendalnm  A6.        Mean. 

Capitol -5010508        '-5008777      '5008407       '-5009231 

University,  prime  verfcical,        10508  8784  8417  9236 

University,  meridian 10504  8784  8424  9237 

A  comparison  of  the  last  two  results  indicates,  as  was 
anticipated,  that  the  position  of  the  planes  of  oscillation  with 
respect  to  the  meridian  has  no  effect  on  the  period. 

Favorable  locations,  always  in  basements  of  buildings,  were 
found  for  the  observations  at  the  other  stations  also,  with  the 
exception  of  New  Orleans.  At  Laredo  the  instruments  were 
in  the  commissary  of  Fort  Mcintosh,  at  Galveston  and  Calais 
in  high-school  buildings,  and  at  New  Orleans  in  the  City  hall. 
The  necessity  of  being  near  the  longitude  station  compelled 
this  location  in  the  latter  place,  though  on  account  of  close 
proximity  to  a  heavily  travelled  street  and  the  unstable  nature 
of  the  underlying  ground  it  was  unfavorable,  as  the  jar  of  pass- 
ing vehicles  was  quite  noticeable.  The  coincidences  were  some- 
times irregular,  but  the  periods  of  the  three  pendulums  are  in 
good  accord  and  no  discrepancy  appears  between  the  day  and 
night  observations. 

The  following  table  gives  a  summary  of  the  results  for 
these  stations,  the  relative  values  of  gravity  being  based  as 
before  on  that  provisionally  adopted  for  Washington,  and  the 
computed  values  being  derived  from  a  theoretical  formula 
depending  on  Clarke's  figure  of  the  earth  (1880).  The  observed 
values  have  been  reduced  to  sea  level  by  two  methods,  first 
Bouguer's,  in  which  the  attraction  of  tne  entire  mass  above 
sea  level  is  subtracted,  and  second,  Faye's,  in  which  in  the 
attraction  term  only  the  difference  from  the  average  surrounding 
elevation  is  allowed  for  (in  this  case  the  average  within  a  radius 
of  100  miles  has  been  estimated  as  before).  The  usual  elevation 
and  topographical  corrections  are  of  course  included  in  both  of 
these  methods.  The  residuals  observed  minus  computed  grav- 
ity are  given  in  the  table  for  these  two  methods  of  reduction 
to  sea  level. 
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Station. 


iD.  Texas  (Capitol)...  3*0  16  30  97  44  16 
in,  Texas  (University)  30  nil  97  44  14 

3o.  Texas i27  30  29  99  31  12 

Bston,  Texas '29  18  12  94  47  29 

Orleans,  La. 29  56  68  90  94  14 

s,  Maine 45  1111   67  16  64 


Elera* 
tlon. 


ooh- 

served.  Boiunier** 
redaction. 


meters 

170 

189 

129 

3 

2 

38 


dynes 
,979-274 
979-269 
i979068 
979-258 
'979-310 
980-618, 


dynes 

979-307 

979-306 

979-096 

979-259 

979-311 

980-626 


Faye^s 
rednc- 
{  Uon. 

dynes 
979-333 
979-332 
979*109 
979259 


g  com- 
poted. 


dynes  j 
979-369! 
979-310 
979-160 
979*294, 
979-311 '979  344 
980-632  980-647 


The  continuation  of  the  investigation  of  the  question  of 
reduction  to  sea  level  and  of  the  anomalies  of  gravity  is  essen- 
tial to  a  satisfactory  application  of  pendulum  observations  in 
geodesy.  The  four  stations  in  the  south  are  of  interest  in  this 
connection  as  well  as  from  a  geological  point  of  view  because 
of  their  comparative  location.  Two,  Austin  and  Laredo,  are 
situated  toward  the  interior  about  150  and  135  miles  (241  and 
217  kilometers)  respectively  from  the  Gulf  coast,  and  in  a 
region  of  erosion.  Galveston  is  on  a  sandy  island  close  to  the 
main  land,  from  which  it  is  separated  by  a  bay  into  which 
empty  some  small  rivers.  New  Orleans  is  on  the  banks  of  the 
Mississippi  in  the  midst  of  the  vast  alluvial  region  built  up  bj 
that  river,  but  is  about  85  miles  (137  km.)  from  the  present 
mouth  of  the  river.  Galveston  and  New  Orleans  are  about 
equally  distant  (nearly  100  miles  or  161  km.)  from  the  100 
fathom  (183  meter)  curve  in  the  Gulf  of  Mexico,  beyond 
which  line  the  water  depths  rapidly  increase.  It  has  been 
estimated  that  an  area  of  about  1,800,000  square  miles  is 
drained  by  the  Mississippi,  Rio  Grande  and  neighboring  rivers 
emptying  into  the  Gulf  of  Mexico  from  the  north,  and  that  the 
enormous  amount  of  sediment  carried  by  these  rivers  is  depos- 
ited within  an  area  of  300,000  square  miles  along  the  northern 
part  of  the  Gulf.*  If  this  added  load  accumulating  for  ages 
and  displacing  sea  water  of  only  about  one-third  its  density, 
were  sustained  by  a  rigid  earth,  it  would  seem  that  there  must 
be  an  effect  on  the  force  of  gravity  measured  at  the  surface 
which  would  be  quite  within  the  range  of  observation,  and 
gravity  in  the  loaded  region  would  be  found  greater  than 
normal.  If,  on  the  other  hand,  there  existed  a  perfect  condition 
of  equilibrium,  and  an  area  so  loaded  contmually  adjusted 
itself  and  sank  in  proportion  to  the  load,  in  accordance  with 
the  theory  of  isostasy,  we  would  expect  to  find  the  force  of 
gravity  quite  normal.     Should  there  be  a  lag  between  cause 

*  These  drainage  and  deposition  areas  are  shown  in  the  map,  here  reproduced, 
with  the  author's  permission,  from  Mr.  McGee's"  paper,  later  referred  to.  The 
positions  of  the  gravity  stations  are  also  shown. 
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iud  effect,  that  is,  should  the  load  accnmnlato  to  a  certain 
r  extent  before  the  sinking  occurred  becaase  of  the  partial 
I  rigidity  of  the  crust  or  some  otlier  retarding  cause,  we  would 
I  igiJD  expect  to  find  gravity  in  excess,  but  only  to  a  small 
[  unount.  It  is  of  interest,  therefore,  in  this  connection  to 
[  eiunine  the  gravity  residuHls   at  the  four  southem  stations 

'differing  as  they  do  but  little  in  latitude)  as  given  in  the  last 
'  two  colnrons  of  the  Cable.     The  minus  sign  indicates  a  defect 

i  gravity   as  compared   with  that  given  by  the  theoretical 


BUtiona:  N.  0.,  New  Orleans;  O.,  GaWeston;  A.,  Austin;  L,  Laredo. 

iormala  QSed,  but  it  is  only  the  comparative  values  between 
Che  coast  and  interior  stations  that  need  be  considered  here. 
There  is  practically  no  difference  in  the  results  for  the  two 
coast  stations,  New  Orleans  and  Galveston.  With  Bouguer's- 
redaction,  gravity  at  the  coast  stations,  however,  is  apparently 
about  "030  dyne  greater  than  at  the  interior  stations,  but  this 
is  probably  one  to  the  fact  that  the  interior  stations  are  more 
elevated,  as  negative  residuals  almost  invariably  appear  in  ele- 
vated regions  with  this  method  of  reduction.  With  Fave's 
lednction,  gravity  at  the  coast  stations  is  '017  dyne  greater  than 
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at  Laredo  and  only  *003  greater  than  at  Austin,  or  an  averse 
excess  of  *010.*  As  far  as  it  is  safe  to  draw  an  inference  from 
so  small  a  number  of  observations  (and  considering  the  uofiY- 
orable  location  of  the  station  at  New  Orleans),  gravity  is  appar- 
ently slightly  in  excess  near  the  Galf  coast  as  compared  with 
interior  stations.  A  determination  nearer  the  present  deltafof 
the  Mississippi  would  be  of  interest  in  this  connection,  as  well 
as  observations  in  the  same  latitude  on  the  other  coasts  of  the 
continent.  The  smallness  of  the  differences  found  indicate  a 
close  approach  to  the  condition  of  hydrostatic  equilibrium  in 
this  region.  The  fact  that  the  slight  excess  is  at  the  coast  sta- 
tions points  possibly  to  some  retardation  in  reaching  this 
condition.  it  is  interesting  to  compare  the  conclusion 
reached  by  Mr.  McGee  in  discussing  the  condition  of  the  same 
region  as  deduced  from  geological  and  other  considerations,  in 
these  words:  "So  the  data  relating  to  the  condition  of  the 
earth's  crust  derived  from  the  modern  Gulf  of  Mexico  indicate 
that  throughout  the  vast  geologic  province  of  southeastern 
North  America,  isostasy  is  probably  perfect,  i.  e.,  that  land  and 
sea  bottom  are  here  in  a  state  of  hydrostatic  equilibrium  so 
delicately  adjusted  that  any  transfer  of  load  produces  a  quanti- 
tatively equivalent  deformation.''^ 

While  coast  stations  have  in  general  shown  less  apparent  irreg- 
nlarity  in  the  force  of  gravity  than  is  often  lound  in  the 
interior,  doubtless  because  they  are  sitaated  so  near  the  sea 
level  and  are  therefore  more  free  from  the  uncertainties  asso- 
ciated with  the  sea  level  reduction,  still  greater  discrepancies 
appear  than  can  be  attributed  to  errors  of  observation.  In  the 
following  table  are  collected  the  residuals  observed  minos 
computed  gravity,  for  the  stations  on  or  near  the  coasts,  thus 

*  The  attraction  of  an  extended  horizontal  plate  of  rock  of  average  density  31 
feet  (9'4  meters)  thick  corresponds  to  '001  dyne  force  of  g^vity. 

f  The  interesting  fact  has  been  recently  brought  out  by  an  Engineer  officer, 
that  a  rise  of  one  foot,  since  1877,  in  the  level  of  mean  high  water  in  the  Gulf  of 
Mexico  is  indicated  by  the  tidal  observations  at  Port  Eads  at  the  delta  of  th6 
Mississippi.  This  change  would  correspond  to  a  subsidence  of  the  land  of  like 
amount,  but  may  possibly  be  accounted  for  by  a  local  settling  near  the  bench 
mark. 

X  "  The  Gulf  of  Mexico  as  a  Measure  of  Isostasy,"  W.  J.  MoGee,  this  Jottrnal, 
Sept.,  1892,  vol.  xliv,  p  189.  The  following  conclusions  are  also  quoted  as  bear- 
ing on  the  same  subject: 

**  It  appears  that  the  crust,  in  the  form  in  which  it  exists,  must  be  in  a  condi- 
tion of  approximate  hydrostatic  equilibrium,  such  that  a  considerable  addition  of 
load  will  cause  any  region  to  sink,  or  any  considerable  amount  denuded  oft  tn 
area  will  cause  it  to  rise."  "Physics  of  the  Earth's  Crust"  (2d  edition),  bf 
Rev.  O.  Fisher,  p.  366. 

"  It  may  be  laid  down  as  a  general  rule  that  where  great  bodies  of  sedimant 
have  been  deposited  over  extensive  areas,  their  deposition  has  been  acoompanied 
by  a  subsidence  of  the  whole  mass."  "  On  some  of  the  greater  Problems  of 
Physical  Geology,"  by  Major  C.  E.  Button,  Phil.  Soc.  of  Washing^n,  voLxi, 
p.  66. 
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Far  determined  in  the  United  States  (exclusive  of  Alaska)  and 
for  the  two  methods  of  reduction  to  sea  level  already  men- 
tioned, (—indicates  gravity  smaller  than  normal,  +  greater 
than  normal.) 

Summary  of  gravity  residuaU  for  Coast  Stations, 


Residuals,  obser?ed 

Station. 

Latitude 

minus  COD 

aputed  g, 
Faye's* 

Coast 

Bouguer's 

north. 

reductioD.    reduction. 

o           / 

dynes       !     dyoes 

North  Atlantic  . 

Calais,  Maine 

45    11 

—  •021 

—  •015 

Cambridge,  Mass. 

42    23 

—  •009 

—  •003 

Boston,  Mass 

42    22 

—  •007 

—  •001 

Hoboken,  N.  J.  .. 

40   44 

+  •008 

+  •019 

Princeton,  N.  J... 

40   21 

—  038 

—  •032 

Philadelphia,  Pa.. 

39   57 

+  -004 

+  •011 

Baltimore,  Md 

39   18 

—  •034        —-023 

Washington,  D.  C. 

38   53 

+  014 

+  •026 

Gulf  of  Mexico  . 

New  Orleans,  La. . 

29   57 

-•033 

-•033 

Galveston,  Texas. 

29    18 

—  •036 

—  •036 

North  Pacific  . . . 

Seattle,  W  ash 

47    36 

—  •135 

—  •090 

San  Francisco,  Cal. 

37   47 

—  016 

—  •049 

The  variations  in  these  residuals,  while  not  considerable 
except  in  a  single  case  (Seattle),  are  nevertheless  of  much  inter- 
est. It  will  be  noted  that  with  either  method  of  reduction  the 
largest  excess  of  gravity  appears  at  Washington.! 

A  computation  of  the  amount  of  flattening  of  the  earth  has 
been  made  from  the  33  results  for  gravity  obtained  in  the 
United  States  in  1894  and  1895.  These  observations  are  of 
conrse  not  well  suited  for  this  purpose  except  in  combination 
with  results  in  other  parts  of  the  world,  as  the  work  of  1894 
was  intended  to  develop  the  effect  of  elevation  and  continental 
position,  and  not  the  variation  of  gravity  with  latitude,  and  for 
this  reason  those  stations  differed  little  in  latitude,  and  even 
with  the  few  southern  and  northern  stations  added  during  the 
past  season  the  extreme  range  in  latitude  is  less  than  18°  (from 
27^  30'  to  45°  11').     Nevertheless  it  is  of  interest  to  see  how 

*  Some  slight  differences  iu  the  last  column  of  this  table  from  values  previouslj 
KiTeo^  are  due  to  revised  estimates  of  nverage  elevation.  The  results  from 
HobokeD,  Baltimore,  Seattle  and  San  Francisco  are  from  earlier  determinations. 

•f-  Commandant  Deiforges.  comparing  results  obtaiied  on  the  shores  of  various 
Qoaans  came  to  the  conclusion  that  each  ocean  possesses  a  characteristic  anomalj 
in  the  force  of  gravity  along  its  shores.  ''  Memorial  du  D^pdt  G6n6ral  de  la 
[guerre,  Obseryations  du  Pendule,"  vol.  xv,  p.  194. 
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reliable  a  value  can  be  obtained  from  such  meager  data,  derived 
entirely  within  the  borders  of  the  United  States.  The  values 
reduced  to  sea  level  by  Faye's  reduction  were  used,  and  to 
simplify  the  computation  were  averaged  together  for  each 
degree  of  latitude.  Conditional  equations  were  formed  of  the 
form g^=  X  +  y  sin*  ^,  representing  the  variation  of  gravity 

with  latitude,  where  x  is  gravity  at  the  equator,  y  is  the  differ- 
ence   between  gravity  at  the   pole  and  the  equator,  and  g^ 

is  observed  gravity  at  latitude  ip  ;  x  and  y  were  then  computed 
by  the  method  of  least  squares,  and  substituted  in  Clairant's 
theorem.  Using  Helmert's  expansion  of  Clairant's  theorem,* 
the  value  y^^Vir  ^^  obtained  for  the  amount  of  flattening,  or 
the  difference  between  the  earth's  polar  and  equatorial  axes 
divided  by  the  equatorial  axis.f  Helmert  in  1884  obtained  the 
value  ^-jjSr.y  from  a  discussion  of  pendulum  observations  in 
various  parts  of  the  world,  and  ClarKe  from  a  similar  discussion 
in  1880  obtained  ^nfey*  ^^^  ^^  ^'^  most  important  values 
obtained  from  arc  measurements  are  those  of  Bessel  (1841) 
,-j^.y,  and  Clarke  (1880)  7^.^.  A  variation  of  one  unit  in  the 
denominator  of  these  ratios  corresponds  to  a  change  in  the  dif- 
ference between  the  earth's  major  and  minor  axes,  of  about  481 
feet  (147  meters),  and  from  the  discrepancies  in  the  above  aud 
other  results  one  may  judge  that  the  actual  uncertainty  may 
be  nearly  a  mile.:}:  The  value  derived  from  the  pendulom 
observations  in  the  United  States  is  not  very  different  from 
Helmert's  and  Bessel's,  but  it  is  of  significance  only  in  showing 
that  a  fairly  accordant  result  may  be  obtained  irom  so  few 
observations  very  narrowly  distributed  in  latitude,  and  in  fur- 
ther confirming  the  validity  of  the  reduction  to  the  sea  level 
tentatively  employed,  and  the  theory  of  the  condition  of  the 
earth's  crust  on  which  that  reduction  is  based,  the  equilibrium 
or  isostatic  theory.§  This  result  has  been  obtained  by  combin- 
ing observations  made  at.  altitudes  above  sea  level  ranging 
from  6  ft.  to  14085  ft.  (2  m.  to  4293  m.),  and  in  a  great  variety 
of  continental  locations. 

♦"Geodaaie,"  by  F.  R.  Helmert,  vol.  ii,  p.  83. 

f  A  result  for  the  flatteniDg  of  y^  was  obtained  by  oomparing  the  four 
southern  stations,  Austin,  Laredo,  Galveston  and  New  Orleans,  with  four  staUoos 
in  nearly  the  same  longitude  near  the  39th  parallel  in  the  central  plains,  St  Louis. 
Kansas  City,  Ellsworth  and  Wallace. 

\  Prof.  Harkness  says :  ''  Indeed  the  facts  thus  far  advanced  scarcely  warraDt 
any  conclusion  more  definite  than  that  the  flattening  probably  lies  between  -^ 
and  ^^,  but  we  shall  see  presently  that  there  is  some  further  evidence  which 
tends  in  the  direction  of  the  smaller  limit  "  [1^1^]. — ''  The  Solar  Parallax  and  its 
Related  Constants,"  p.  103. 

§For  discussions  of  the  relation  of  the  Coast  and  Geodetic  Survey  pendu- 
lum observations  to  these  theories,  see  papers  by  Mr.  G.  K.  Gilbert,  Bulletin 
Phil.  Society  of  Wasliington,  vol.  xiii,  p.  61  :  by  Rev.  0.  Fisher,  Nature,  toI. 
Hi,  p.  433.  Sept.  5,  1895 ;  and  by  M.  Faye,  Comptes  Rendus  de  rAcad^mie  des 
Sciences,  20  May,  1895. 
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Art.    XX. — On  Trinidad  Pitch;  by  S.  F.  Peckham  and 

Laura  A   Linton. 

The  bitumen  found  on  the  Island  of  Trinidad  in  the  so- 
called  Pitch  Lake  and  in  its  neighborhood,  has  entered  com- 
merce under  the  name  of  Trinidad  Pitch.  That  which  is 
found  within  the  lake  is  called  "Lake  Pitch;"  that  found 
outside  the  lake  is  called  "  Land  Pitch." 

As  it  occurs  it  is  a  unique  substance  found  nowhere  else  in 
nature.  It  consists  of  a  mixture  of  bitumen,  water,  sand, 
decayed  vegetation  and  gas  in  such  definite  proportions  that 
within  certain  limits  the  composition  of  the  entire  mass  is 
uniform.  The  bitumen  has  never  yet  been  investigated  in 
such  manner  as  to  determine  its  relations  to  other  bitumens, 
but  it  appears  to  be  of  vegetable  origin  and  convertible  into 
8olid  asphaltum  by  processes  of  nature.  In  its  natural  condi- 
tion about  one-third  of  it  is  water.  Deprived  of  water  it  is 
about  one-third  sand.  When  the  bitumen  is  dissolved  away 
from  the  sand  under  the  microscope,  the  silica  appears  to  be  in 
exceedingly  minute  amorphous  particles  from  ^^f^  to  y^^ 
of  an  incn  in  thickness.  When  freed  from  organic  matter  by 
burning,  the  silica  appears  in  small  sharply  angular  grains, 
stained  by  iron  and  a  small  quantity  of  bluish  clay.  The 
organic  matter  not  bitumen  consists  oi  fragments  of  vegetation 
and  disorganized  cellular  tissue,  with  products  of  the  decompo- 
sition of  wood. 

Ab  the  bitumen  rises  in  the  center  of  the  so-called  lake  it  is 
inflated  with  gas.  When  the  masses  are  broken  into  the 
structure  resembles  vesicular  lava.  The  gas  cavities  are  of  all 
sizes,  some  of  them  very  large  and  in  the  aggregate  occupy  at 
a  rough  estimate  from  one-third  to  onehali  the  volume  of  the 
pitch.  At  any  point  in  the  deposit  removed  from  the  center 
of  the  lake,  the  gas,  in  part,  has  escaped  from  the  asphaltum 
and  the  mass  become  more  compact.  Both  within  and  with- 
out the  lake  the  pitch  is  saturated  with  water.  It  is  in  this 
condition  without  viscosity  and  can  be  trodden  upon  or 
squeezed  in  the  hands  without  adhesion  to  either  hands  or  feet. 
In  this  condition  it  cuts  like  cheese,  hence  the  name,  "  cheese 
pitch."  When  freshly  dug  the  color  is  brown,  but  if  left  in 
the  sun  it  soon  darkens,  finally  becoming  a  bluish-black.  If  a 
mass  of  anv  considerable  size  is  laid  in  the  sun,  it  will  melt  to 
a  thin  pellicle  upon  the  exposed  surface,  and  retain  the  larger 
part  of  the  water  at  a  temperature  sufficient  to  remove  every 
trace  of  water  if  it  were  dried  in  the  shade.  A  mass  exposed 
to  the  air  out  of  the  sun,  immediately  begins  to  dry  out  and 

Am.  Joim.  Soi.— FouBTH  Sbbjes,  Vol.  I,  No.  3.— March,  1896. 
13 


194  Pechham  and  Linton — Trinidad  Pitch, 

in  a  short  time  loses  nearly  all  of  the  water,  which  is  in  part 
readily  re-absorbed  if  again  exposed  to  dampness. 

The  evaporation  of  the  water  precipitates  within  the  pitch  a 
small  percentage  of  saline  matter,  chiefly  sniphates  of  the 
alkalies  and  alkaline  earths,  that  the  natural  water  holds  in 
solution.  The  hygroscopic  property  of  the  pitch  is  no  doubt 
largely  due  to  the  presence  of  these  salts. 

In  selecting  specimens  that  would  fairly  represent  the  char- 
acter of  the  mass  of  pitch  both  within  and  without  the  lake, 
we  were  largely  governed  by  the  appearance  of  the  pitch  and 
the  relation  of  the  several  localities  to  one  another  and  the  cen- 
ter of  the  lake. 

No.  1  was  picked  up  at  random  from  the  pitch  taken  from 
an  excavation  from  which  the  cargo  of  the  bark  "  Ella  "  was 
dug,  during  February  and  March,  1895.  Tiie  excavation  was 
upon  a  village  lot  about  three-quarters  of  a  mile  from  the  lake 
towards  Point  La  Brea. 

No.  2  is  from  a  village  lot  which  we  have  named  the  "Pho- 
tograph Lot."  It  was  here  that  a  pit  was  dug  and  photographs 
taken  of  the  pit  at  intervals  of  ten  days  to  determine  whether 
any  movement  in  the  pitch  was  in  progress  by  which  a  cavity 
dug  in  the  pitch  would  refill.  No.  2  was  taken  from  the  pitch 
removed  from  the  pit.  This  lot  had  been  excavated  about  six 
months  previous  and  had  nearly  refilled,  and  was  then  being 
uncovered  preparatory  to  the  removal  of  a  fresh  supply  of 
several  thousand  tons.  It  was  about  twenty  rods  nearer  Point 
La  Brea  than  No.  1. 

No.  3  is  so-called  "  Iron  pitch "  from  the  Photograph  lot. 
This  is  pitch  that  has  been  melted  and  deprived  of  its  water 
and  gas.  It  is  solid,  of  a  bluish-black  color,  with  a  dull  earthy 
fracture  and  is  slightly  sonorous  when  struck. 

No.  4  was  taken  from  a  lot  on  the  right  hand  side  of  the 
road  approaching  the  lake,  that  was  being  excavated  by  Mr. 
Ghent.  It  came  from  a  point  10  or  15  feet  below  the  surface 
on  the  western  border  of  the  mass  filling  the  ravine  down 
which  the  overflow  of  pitch  from  the  lake  lias  taken  place,  and 
nearly  on  the  opposite  side  of  the  road  from  the  point  from 
which  No.  10  was  taken. 

No.  5  is  No.  4,  boiled  to  form  ilpurefe,  in  Mr.  Ghent's  boil- 
ing works  near  Point  La  Brea. 

Nos.  6  and  7  were  from  opposite  corners  of  a  mass  about  12 
inches  square  and  four  inches  in  thickness.  This  mass  wa6 
taken  from  a  point  on  the  northeast  side  of  the  lake  on  the 
outside  of  and  near  to  the  tramway,  and  was  selected  of  con- 
venient size  from  among  a  quantity  that  had  been  broken  with 
a  pick  preparatory  to  removal  in  the  tram  cars  or  carts  by  the 
Trinidad   Asphalt  Co. 
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No.  8  is  from  an  average  from  the  same  piece  made  ap  by 
breaking  fragments  from  many  points  npon  its  surface. 

No.  9  is  from  the  center  of  the  lake  or  near  it.  The  mass 
was  soft  enough  to  flatten  in  the  shade,  but  did  not  stick  to  the 
paper  in  which  it  was  wrapped.  After  drying  it  became  ridged 
and  brittle. 

No.  10  is  an  average  from  a  large  piece  taken  from  an  exca- 
vation being  made  by  tlie  Trinidad  Asphalt  Co.  on  the  Belle- 
vue  estate  near  the  road  leading  to  the  lake.  The  excavation 
extended  along  the  road  for  perhaps  1500  feet  and  was  narrow. 
The  pitch  was  clean  and  pure  but  was  covered  by  rank  vege- 
tation that  grew  upon  and  in  the  pitch  itself,  and  not  upon  soil 
that  covered  it.  This  fact  accounts  for  the  high  percentage  of 
organic  matter  not  bitumen,  although  the  piece  was  taken 
several  feet  below  the  surface. 

No.  11  is  a  decomposition  product  of  the  pitch  from  the 
photograph  lot. 

No.  12  is  another  decomposition  product  from  the  same  lot. 
It  resembled  coke  and  may  have  been  heated.  It  is  the  only 
material  resembling  coke  that  we  saw  in  or  around  the  lake 
and  the  amount  was  only  a  few  pounds. 

No.  13  is  also  a  decomposition  product  resembling  No.  11, 
from  the  south  side  of  the  lake.  It  was  enclosed  by  a  pelli- 
cle of  sun-dried,  melted  pitch,  within  which  it  was  of  a  light 
brown  color  with  a  columnar  structure,  like  starch,  and  was 
very  easily  powdered.  It  had  the  external  appearance  of 
asphaltene  that  had  been  precipitated  from  solution. 

No.  14  is  from  a  pile  of  land  pitch  melting  on  the  beach  at 
Point  La  Brea,  said  to  have  come  from  the  same  lot  as  No.  1. 

No.  15  was  brought  from  the  lake  about  1865,  by  the  late 
William  Attwood  of  Portland,  Me. 

No.  16  is  from  the  southeast  side  of  the  lake  inside  the  road 
and  was  cut  from  the  surface  at  a  spot  free  from  vegetation. 
The  point  was  about  half  way  from  the  tramway  to  the  border 
of  the  lake. 

No.  17  is  from  the  west  side  about  mid-way  of  the  tramway 
loop,  where  men  were  loading  tram  cars.  It  was  picked  np 
from  under  the  feet  of  the  men. 

No.  18  is  iron  pitch  from  the  northeast  side  of  the  lake  near 
where  the  left  limb  of  the  tramway,  looking  south,  enters  upon 
the  lake. 

No.  19  is  refined  land  pitch,  from  the  refinery  of  the  Trini- 
dad Bituminous  Asphalt  Co.  at  Jersey  City,  N.  J.  It  came 
from  the  same  lot  as  No.  2. 

No.  20  is  refined  lake  pitch,  purchased  in  New  York  of  the 
Warren,  Scharf  Co. 
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No.  21 18  from  the  northeast  side  o£  the  lake  near  the  left  limb 
of  the  tramway  looking  south. 

No.  22  is  from  the  northeast  side  of  the  lake  near  the  right  of 
the  left  limb  of  the  tramway  loop  looking  south,  about  one 
hundred  feet  from  No.  21. 

No.  23  is  from  the  northwest  side  of  the  lake  on  the  west 
side  of  the  right  limb  of  the  tramway  loop  looking  south. 

No.  24  is  from  the  south  side  of  the  lake  near  where  the 
road  leaves  the  lake. 

No.  25  is  from  the  northwest  side  of  the  lake  on  the  west 
side  of  right  loop  of  tramway  looking  south  near  a  "  blow-hole." 

No.  26  is  from  the  south  side  of  tne  lake  near  where  the  road 
leaves  it,  about  one  hundred  feet  from  No.  24. 

No.  27  is  flpureS  from  the  boiling  works  of  the  Trinidad 
Asphalt  Co.,  at  Point  La  Brea.  It  was  made  by  boiling  a 
mixture  of  No.  10,  No.  8  and  No.  9. 

Nos.  6,  7,  8,  9  and  17  represent  commercial  lake  pitch. 

Nos.  16,  21,  22,  23,  24,  25  and  26  represent  the  contents  of 
the  lake  occupying  the  annular  space  outside  the  tramway  and 
embracing  hundreds  of  thousands  of  tons.  The  area  is  about 
60  per  cent,  of  the  surface  of  the  lake. 

Nos.  1,  2,  4,  10  and  14  represent  an  average  of  commercial 
land  pitch. 

Nos.  5  and  19  represent  refined  land  pitch. 

Nos.  20  and  27  represent  refined  lake  pitch. 

Nos.  3,  11,  12,  13  and  18  are  rubbish  so  far  as  commerce  is 
concerned,  and  are  introduced  here  to  show  that  there  is  rub- 
bish in  the  lake  as  well  as  outside  of  it,  and  also  the  relation  of 
alteration  products  to  the  commercial  pitch. 

The  locations  of  the  several  specimens  are  shown  on  the 
accompanying  map. 

No  specimens  were  taken  from  near  the  border  of  the  west 
side  of  the  lake,  because  the  pools  of  water  were  so  wide  as  to 
make  it  quite  diflScult  to  get  around  among  them.  These 
specimens  are  believed  to  furnish  a  fair  representation  of  the 
pitch  as  it  occurs  both  within  and  without  the  so-called  lake, 
and  also  the  refined  pitch  and  llpured  made  from  the  same. 

As  before  stated,  the  condition  of  the  pitch  in  the  entire 
deposit  is  that  of  complete  saturation  with  water.  Water  is 
reached  everywhere  within  a  few  feet  of  the  surface  and  often 
stands  in  the  areas  from  which  pitch  has  been  excavated.  Both 
outside  and  upon  the  borders  of  the  lake  it  appears  to  render 
the  re-filling  of  the  areas  less  rapid.  In  and  near  the  center  of 
the  lake,  the  enormous  volume  of  gas  constantly  rising,  forces 
the  pitch  into  any  excavation  more  rapidly. 

The  pitch  is  removed  from  near  the  tramway  soon  after  it 
is  dug,  and  before  it  has  time  to  melt  is  weighed  full  of  water 
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uid  imraediatelj  tbrovn  into  the  hold  of  the  ship.  The  pitch 
from  other  parts  of  the  deposit  is  dug  Qp  in  lai^e  pieces  and 
removed  in  carts  to  the  heach,  vhere  it  is  immediately  put  into 
lighters  and  transferred  as  soon  as  possible  to  the  hold  of  the 


ship  anchored  off  shore.  In  either  case  the  pitch  reaches  the 
hold  of  the  ship  containing  from  25  per  cent  to  30  per  cent  of 
water  and  oonsiderahle  gas,  especially  that  remoyed  from  the 
lake.      Before  being  discharged,  heat,  the  motion  of  the  ship 


198  Peckham.  and  Lmton — Trinidad  Pitch. 

and  the  weight  of  the  mass  npon  itself  have  rendered  the  mass 
within  the  hold  of  the  ship  nearly  solid  and  the  material  is  no 
longer  the  natural  crude  pitch,  but  something  more  or  less 
removed  from  it  by  loss  of  water  and  gas. 

In   the  case  of  samples  like  those  taken  by  ourselves  aod 

{)acked  in  a  trunk,  labelled  and  carefully  wrapped  in  paper,  the 
OSS  of  water  was  nearly  complete  before  they  reached  Ifew 
York.  In  fact  it  required  only  a  week  or  ten  days  in  Port  of 
Spain  to  completely  transform  the  cheese  pitch  from  a  moist, 
porous  substance,  cutting  with  a  knife  like  cheese,  to  a  bard 
brittle  solid,  readily  broken  into  fragments  that  conid  only  be 
cut  with  considerable  diflBculty,  provided  it  was  kept  out  of  the 
sun.  It  is  therefore  manifest  that  commercial  samples  of  crude 
pitch  are  not  samples  of  natural  crude  pitch  ;  nor  is  it  possible 
to  bring  away  from  Trinidad  samples  of  "  cheese  "  pitcn  in  the 
natural  condition.  We  therefore  determined  to  analyze  the 
specimens  selected  free  from  water  and  gas,  and  thus  render 
tne  results  comparable. 

The  samples  were  severally  coarsely  powdered  and  air  dried 
by  placing  them  upon  the  laboratory  table  in  the  sun.     In  dry 
weather   they   soon   dried   to   a   constant   weight.     In    damp 
weather  they  lost  and  gained  within  narrow  limits  indefinitely. 
Heated  in  an  air  bath  to  50°  C,  they  were  soon  brought  to  a  con- 
stant weight.     Heated  at  100°  C,  to  a  constant  weight,  a  vary- 
ing loss  of  volatile  oils  invariably  followed,  which  showed  that 
determinations  of  water  at  100°  C.  as  a  constituent  of  the  pitch 
leads  to  vitiated  results  from  two  sources :  first,  the  percentage 
of  water  is  not  constant  in  the  same  specimen  but  varies  with 
the  condition  of  the  atmosphere ;  second,  pitch  thai  is  appar- 
ently very  dry   gives   off  an  appreciable  amount  of  volatile 
oils  below  100°  C.      The  samples  were  therefore  dried  to  a 
constant  weight,  at  a  temperature  below  50°  C.      Of  course, 
if,  for  any  reason,  the  amount  of  water  in  a  given  specimen 
of  pitch  is  desired,  it  is  easily  ascertained,  but  it  should  not  be 
reported  as  a  constituent  of  the   pitch,  as    the  varying  per- 
centage of  water  causes  all  of  the  other  percentages  to  vary 
in  the  same  specimen   at   different  times. 

The  dried  specimens  were  then  exhausted  with  petroleum 
ether.  In  the  present  instance  the  petroleum  ether  used  for 
all  the  specimens  came  from  the  same  barrel  and  was  of  specific 
gravity  74°  B.  The  exhausted  residues  were  dried  at  100° 
C.  and  the  difference  in  weight  was  computed  as  petrolene. 
The  dried  residues  were  then  exhausted  with  boiling  spirits  of 
turpentine,  washed  with  ethyl  alcohel  and  dried  at  1()0°  C.  to 
a  constant  weight.  The  loss  was  noted.  The  dried  residues 
were  then  exhausted  with  chloroform  and  dried  and  the  loss 
noted.     The  loss  by  turpentine  plus  the  loss  by  chloroform  is 
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estimated  as  asphaltene.  The  distinction  made  by  the  use  of 
these  two  solvents  will  be  noted  farther  on.  The  dried  residue 
from  the  chloroform  exhaustion  was  then  put  into  a  platinum 
crucible  and  the  or^nic  matter  burned  off.  The  residue  was 
inorganic  or  mineral  matter,  sand,  and  the  small  percentage  of 
soluble  and  non-volatile  salts  present.  The  pitch  was  thus 
divided  into  that  portion  soluble  only  in  petroleum  ether,  or 
^*'  petrolene,"  that  portion  soluble  only  in  boiling  spirits  of  tur- 
pentine, and  chloroform  which  together  form  "  asphaltene," 
and  with  the  petrolcne  constitutes  the  '^  total  bitumen  "  ;  also 
the  "  organic  matter  not  bitumen  "  and  the  "  inorganic  matter." 

Table  No.  1  represents  the  results  of  the  analysis  of  the  27 
specimens  described  above.  Any  attempt  to  classify  them  as 
to  the  locality  from  which  they  were  obtained  by  means  of 
these  analyses  will  inevitably  fail.  Our  analyse3  prove  that  an 
average  of  specimens  will  show  an  increase  in  the  proportion 
of  "  mineral  matter  "  and  of  "  organic  matter  not  bitumen," 
as  the  point  from  which  the  specimen  is  taken  is  removed  from 
the  center  of  the  lake ;  yet,  the  exceptions  to  this  rule  are  so 
numerous  and  marked,  that  no  certainty  can  attach  to  the  use 
of  these  criteria. 

Great  value  is  attached  by  some  experts  on  asphaltum  to 
the  determination  of  the  specific  gravity  and  temperature  at 
which  the  different  specimens  soften  and  flow.  These  tests 
might  have  some  value  if  applied  to  a  pure  bitumen  which  had 
been  proved  to  change  in  specific  gravity,  etc.,  as  it  underwent 
chemical  and  other  changes ;  but  no  such  investigation  and 
proof  in  relation  to  any  asphaltum  has  been  attempted.  Such 
a  relation  has  been  assumed  bnt  not  proved.  The  fact  that 
Trinidad  pitch  is  a  mixture  so  indefinite  that  it  is  almost,  if  not 
quite  impossible,  to  select  two  pieces  that  have  the  same  pro- 
portions (as  is  proved  by  Nos.  6,  7  and  8)  is  a  sufficient  reason 
why  no  such  distinctions  can  be  based  upon  such  determinations. 
The  average  proportions  of  mineral  matter  to  bitumen  in  the 
5  samples  of  commercial  lake  pitch  taken  from  near  the  center 
of  the  lake  is  100:151.  No  two  of  them  are  exactly  alike, 
and  the  extremes  are,  lowest  100  :  148,  highest  100  :  155.  The 
seven  specimens  from  outside  the  tramway  show  greater  uni- 
formity, yet  no  two  are  alike  and  all  are  below  the  lowest  of 
the  five  mentioned  above.  The  average  ratio  of  the  land  pitch 
is  still  a  little  lower,  while  the  extremes  of  variation  are  134 
and  146.  It  is  manifest  that  between  tliese  extremes  of  pro- 
portion of  100 :  134  and  100  :  155  a  marked  variation  in  specific 
gravity  and  flowing  test  must  occur,  as  the  sand  is  about  twice 
as  heavy  as  the  bitumen.  These  extremes  of  variation  include 
one-sixth  of  the  average  amount  of  bitumen  present. 
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These  observations  apply  with  equal  force  to  the  ingredient 
of  the  mixture  denominated  "  organic  matter  not  bitumen."  In 
the  five  specimens  of  commercial  lake  pitch  the  average  amount 
of  this  material  is  10*651  per  cent.  The  extremes  of  variation 
include  1*482  per  cent,  which  is  14*8  per  cent  or  nearly  one- 
sixth  of  the  average  amount  present.  The  smallest  amount  is 
found  in  the  average  pitch  from  near  the  center  of  the  lake, 
yet  No.  17,  which  was  picked  up  from  under  the  feet  of  the 
men  who  were  loading  tne  tram  cars  on  the  west  side  of  the 
tramway  near  the  middle,  contains  nearly  12  per  cent.  This 
average  lake  pitch  is  found  where  the  mass  is  in  constant 
motion  from  escape  of  gas.  Here  there  is  no  organic  matter 
added  by  vegetation  to  the  a'mount  originally  found  in  the 
pitch.  The  growth  of  vegetation  upon  and  in  the  pitch  itself 
IS  the  source  from  which  the  excess  of  organic  matter  found  in 
the  lake  pitch  taken  from  points  outside  the  center  and  from 
the  so-called  land  deposits  is  derived.  As  this  excess  consists 
mainly  of  coarse  roots  it  is  removed  by  refining,  so  that  when 
the  pitch  is  ready  for  use  the  difference  in  the  organic  matter 
has  largely  or  entirelv  disappeared.  See  numbers  2  and  19^ 
8  and  20. 

Table  No.  2  shows  the  results  of  a  comparative  examination 
of  the  bitumen  contained  in  the  different  samples  withont 
regard  to  the  amount  present.  The  first  division  of  this  table 
shows  the  percentage  of  the  crude  pitch  dissolved  only  by 
petroleum  ether,  boning  spirits  of  turpentine  and  chloroform 
respectively.  The  middle  column  gives  the  percentage  of  the 
total  bitumen  in  the  crude  pitch.  The  next  three  columns 
give  the  percentages  of  the  total  bitumen  present  dissolved 
only  by  petroleum  ether,  boiling  spirits  of  turpentine  and 
chloroform  respectively.  The  last  column  shows  the  percent- 
age of  the  total  bitumen  dissolved  by  boiling  spirits  of  turpen- 
tine. This  item  is  represented  by  adding  together  the  items 
of  the  first  and  second  columns,  as  all  of  the  material  that  i& 
dissolved  by  petroleum  ether  is  soluble  in  boiling  spirits  of  tur- 
pentine. A  comparison  of  these  numbers  along  each  hori- 
zontal line  shows  that  there  is  no  necessary  connection  between 
the  amount  of  crurfe  pitch  dissolved  by  petroleum  ether  and 
the  mialHy  of  tlie  total  bitumen.  As  an  example,  in  No.  1, 
whicli  is  a  land  pitch,  100  parts  of  bitumen  are  mixed  with 
very  nearly  100  parts  of  sand  and  organic  matter,  not  bitumen, 
while  in  No.  9  from  the  center  of  the  lake  100  parts  of  bitu- 
men are  mixed  with  about  92  parts  of  foreign  matter.  Now 
while  the  percentage  of  crude  pitch  dissolved  by  petroleum 
ether  from  No.  1  is  2-333  per  cent  less  than  the  percentage  of 
No.  9  dissolved  by  the  same  menstruum,  \\i^  proportions  or  the 
total  bitumen  dissolved  in  the  two  cases  are  almost  identical, 


Pechham  and  Linton — Trinidad  Pitch.  201 

▼iz :  66*5  per  cent  and  66'544  per  cent.     Aeain,  No.  17  was 
broken  off  a  piece  of  pitch  as  a  negro  raised  it  and  threw  it 
into  a  tram  car.     It  fell  nnder  his  feet  and  was  secured  as  a 
piece  of  convenient  size  for  a  specimen.     On  analysis  it  gave 
34*2  per  cent  soluble  in    petroleum   ether,   while   the   total 
bitumen  was  52*997  per  cent.     These  results  give  64*531  per 
cent    of    the  total  bitumen    soluble  in  petroleum  ether   and 
89-372  per  cent    soluble    in  boiling    spirits    of   turpentine. 
Of   the  live  samples  of  commercial   land   pitch,   Nos.   2,  4 
and  10  contain  33-62,  33*736  and  33*730  per  cent  of  matter 
soluble    in   petroleum    ether.      The    average  is   33-705,   yet 
the  average  per  cent  of  the  total  bitumen  present  soluble  in 
petroleum  ether   is    64*283   per  cent,  almost  identicallv   the 
same  as  that  yielded   by   No.  17.      In  fact  No.  2  and   No. 
17  represent  the  extremes   of   location   from   the  west  side 
of  the  tramway  to  the  village  lot  furthest  from  the  lake  and 
the  difference  in  the  percentage  of  the  total  amount  of  bitumen 
soluble  in  petroleum  ether  is  only  (*255  per  cent)  two  hundred 
and  fifty-five  thousandths  of  one  per  cent — a  dinerence  wholly 
without  significance.     No.  9  was  from  the  center  of  the  lake 
and  No.  1  from  a  village  lot  about  20  rods  nearer  the  lake  than 
No.  2,  yet  the  difference   in   the   amount   of   total   bitumen 
present  soluble  only  in  petroleum  ether,  is  only  forty-four  thou- 
sandths of  one  per  cent.     Arranged  in  a  table  these  samples  of 
commercial  pitch  appear  as  follows : 

No.    1.     Land 66*500 

No,    9.     Lake  (center) 66*544 

2^-    2.Kand 

No.lO^^^'-^g^ «^'283 

No.  17.     Lake 64-531 

Of  the  specimens  representing  the  pitch  filling  the  annular 
^pace  ontsiae  the  tramway  and  beyond,  to  the  boundaries  of 
tile  lake,  Nos.  21  and  22  were  taken  from  the  bottom  of  an 
Excavation  on  the  right  of  the  left  limb  of  the  tramway  loop 
^s  it  descends  upon  the  lake  and  within  140  feet  of  each  other. 
^06.  23  and  25  were  taken  from  points  very  near  each  other 
on  the  right  or  west  side,  of  the  right  limb  of  the  tramway 
loop.     These  four  points  are*  on  the  north  side  of  the  lake  and 
i^ear  the  border.     No.  16  was  taken  from  a  point  on  the  south- 
east side  of  the  lake  about  half  way  from  the  tramway  to  the 
border  of  the  lake.     The  spot  was  free  from  grass,  yet  it  was 
^thin  the  area  covered  with  vegetation.     Nos.  24  and  26 
^ere  from   points  on   the   south    side  of   the  lake   directly 
opposite  Nob.  21,  22,  23   and    25  and  about  100  feet  apart. 
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The  percentage  of  total  bitnmen  solnble  in  petroleum  ether 
is  shown  in  the  following  table  : 

No.  21 51-655 

*«    22 65-809 

"    23 64-960 

"    24 62-974 

"    25 68-431 

"    26 70-691 

"     16 66-933 

Nos.  25  and  26  from  opposite  sides  of  the  lake  and  verj 
near  the  border,  are  the  highest  in  the  list  and  higher  than  No. 
9  from  the  center  of  the  lake,  and  higher  than  No.  6  which  is 
the  highest  commercial  lake  pitch.  Tne  diflEerences  and  identi- 
ties of  these  different  groups,  as  well  as  between  the  individoal 
members  of  the  groups,  can  be  readily  traced  by  reference  to 
table  No.  2. 

The  portion  soluble  in  petroleum  ether  is  called  "  petrolene." 
It  is  a  constituent  and  essential  part  of  the  pitch,  and  embraces 
all  that  is  most  volatile  in  the  pitch,  including  those  etherial 
or  oily  fluids  that  are  given  oflc  at  a  temperature  below  the 
boiling  point  of  water,  and  which  are  found  in  all  specimens 
from  all  parts  of  the  deposit  (land  and  lake)  that  have  not 
been  previously  heated  or  decomposed.  It  is  contended  that 
petrolene  is  the  cementitious  portion  of  the  pitch,  because  the 
remaining  portion  of  the  bitumen  is  solid  and  insoluble  in 
residuum  oil.  It  might  just  as  well  be  contended  that  wateris 
the  cementitious  principle  of  glue  and  that  glue  has  no  cement- 
ing properties  because  it  is  not  soluble  in  alcohol.  The  fact  is, 
that  the  bitumen  of  Trinidad  pitch  consists  of  asphaltene  dis- 
solved in  petrolene  and  that  its  cementitiousness  is  just  as 
much  due  to  one  as  the  other.  Sand  cannot  be  cemented  with 
either  petrolene  or  asphaltene  alone,  neither  can  wood  be 
cemented  with  either  water  or  glue  alone.  The  cementitious- 
ness of  the  pitch  depends  upon  the  amount  and  quality  of  the 
bitumen  present. 

What  meaning  is  intended  to  be  given  the  word  "dry "in 
connection  with  pitch  is  not  very  clear.  It  cannot  be  freedom 
from  moisture,  for  no  specimen  of  crude  pitch  is  entirely  free 
from  water.  As  found  in  the  deposit,  the  pitch  both  outside 
and  inside  the  lake  is  saturated  "with  water,  and  its  condition 
after  removal  from  the  deposit  depends  entirely  upon  what  is 
done  with  it.  The  use  of  the  word  "  dry "  appears  to  implj 
that  the  pitch  from  outside  the  lake  has  lost  the  whole  or  a 
large  part  of  the  most  volatile  oils  originally  contained  in  it 
No  proof  whatever  has  been  offered  to  sustain  such  assertions. 
It  has   been  contended  that  the  sun  heats  the  land  pitch  to 
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140°-150°  F.  Outside  the  lake  the  deposit  is  covered  with 
from  2  to  15  feet  of  earth,  rubbish  and  vegetation.  The  large 
area  in  the  center  of  the  lake  from  which,  for  convenience,  the 
commercial  lake  pitch  is  removed,  is  bare  and  black,  exposed 
to  the  full  rays  of  the  tropical  sun.  Shallow  pools  of  water 
on  the  surface  of  the  lake  appear  to  have  a  temperature  of 
about  100°  F.  The  pitch  is  probably  hotter.  It  is  therefore 
reasonable  to  suppose  that  if  evaporation  of  li^ht  oils  were 
taking  place  that  the  pitch  in  the  lake  would  be  "  driest."  Our 
examination  has  shown  us  that  both  land  and  lake  pitch  con- 
tain oils  volatile  under  the  boiling  point  of  water  in  about  the 
same  proportion  ;  small  in  both  cases. 

The  use  of  both  turpentine  and  chloroform  as  solvents  for 
asphaltene  is  based  upon  observations  made  a  year  ago  upon 
the  methods  .employed  for  the  technical  analysis  of  aspnaltum. 
Is  was  found  that  in  the  United  States  carbon  disulphide  has 
been  almost  exclusively  used  as  a  solvent  for  asphaltene,  while 
in  Europe  spirits  of  turpentine  has  been  used  for  the  same  pur- 
pose. Careful  experiment  showed  that  neither  of  these  sol- 
vents would  dissolve  all  of  the  bitumen  from  the  specimens  in 
our  possession,  among  which  were  those  from  the  valley  of  the 
Rhone.  It  was  observed  that  turpentine  left  a  large  and  vary- 
ing residuum  when  applied  to  nearly  all  of  the  American 
specimens,  including  Trinidad,  and  that  only  a  very  small  per- 
centage was  left  from  the  Rhone  specimens  and  those  from  the 
Indian  Territory.  It  was  also  found  that  in  either  case  chloro- 
form alone  effected  a  complete  extraction  of  the  bitumen. 
Later  we  received  a  specimen  of  Neufchatel  asphaltic  rock 
from  which  turpentine  completely  dissolved  the  bitumen. 
This  led  to  an  examination  and  classification  of  the  various 
bitumens  with  reference  to  the  action  of  turpentine.  It  was 
found  that  a  large  percentage  of  the  asphaltene  of  Grahamite 
and  a  varying  percentage  of  the  asphaltene  of  Trinidad  pitch 
and  the  asphaltbms  of  California  is  insoluble  in  turpentine.  It 
was  also  found  that  the  asphaltene  of  the  bitumens  of  Texas 
and  the  valley  of  the  Khone  is  almost  wholly  soluble  in  tur- 
pentine, and  further  that  when  the  bitumen  is  removed  from 
solution  from  these  asphaltic  rocks  it  is  not  a  solid  asphaltum 
but  a  semi-solid  viscous  fluid,  that  does  not  become  solid  by 
exposure,  but  has  remarkable  stability  in  the  atmosphere. 
These  facts  lead  to  the  belief  that  the  proportion  of  asphaltum 
soluble  only  in  chloroform  furnishes  an  indication  of  the  extent 
to  which  a  bitumen  has  been  affected  by  "  aging." 

It  has  been  asserted  that  land  pitch  had  matured  through 
geological  time  and  reached  a  condition  approaching  "  glance 
pitch.  The  word  glance  as  applied  to  pitch  has  nothing  to 
lo  with  its  age,  or  with  any  other  property  except  its  appear- 
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ance.  The  word  glance  is  from  the  Grerman  word  "glanz," 
which  means  glistening.  Pare  asphaltam  that  has  been 
melted  has  a  smooth  glistening  fracture  like  rosin  or  anthracite 
coal.  It  would  be  impossible  to  prodace  glance  pitch  by 
melting  a  material  containing  so  mucn  mineral  matter  as  Trin- 
idad pitch.  Iron  pitch  is  the  nearest  approach  to  it  that  can 
be  foand  in  the  neighborhood  of  the  Pitch  lake,  and  that  was 
foand  both  within  and  without  the  lake.  If  it  has  been 
intended  to  convey  the  impression  that  asphaltnm  becomes 
glance  pitch  by  aging,  and  that  the  land  pitch  is  farther  on 
the  way  through  geological  time  towards  glance  pitch  than 
that  in  the  lake,  it  must  also  be  admitted  that  so  far  as  anyone 
knows  to  the  contrarj'  the  whole  phenomenon  of  the  pitcL 
lake  may  have  been  produced  within  five  hundred  years.  Oar 
analyses  have  not  furnished  the  slightest  evidence  that  the 
bulk  of  the  pitch  outside  the  lake  has  aged  any  more  than  that 
within  it.  Our  analyses  also  show  that  the  bulk  of  the  pitch 
is  in  good  condition  throughout  the  deposit;  and  that  the 
eflEects  of  aging  are  about  equally  distributed. 

These  analyses  do  not  sustain  the  allegation  that  land  pitch 
is  any  less  uniform  in  composition  than  lake  pitch.  The  fol- 
lowing figures  represent  the  extremes  in  the  percentage  com- 
f)08ition  of  total  bitumen  in  the  five  samples  of  commercial 
ake  pitch  and  the  five  samples  of  commercial  land  pitch 
soluble  in 

Land.  Lake. 

Petroleum  ether 3'445j<  3*601 

Boiling  spirits  turpentine 9"746j^  7-110 

Chloroform 9-622j<  9-716 

Total  soluble  in  turpentine...   9-621j^  9-696 

The  correspondence  between  them  is  remarkable. 

It  makes  no  difference  wliether  these  results  of  analysis  are 
taken  as  a  whole,  or  compared  severally,  or  in  the  different 
elements  that  make  up  each  analysis,  the  same  conclusion  is 
inevitable,  viz :  that  the  entire  deposit  both  within  and  with- 
out the  boundaries  of  the  lake  is  one  and  the  same  substance 
and  in  substantially  the  same  condition. 

There  are  five  specimens  in  the  collection  that  represent  the 
rubbish  of  the  deposit.  Nos.  3  and  18  are  respectively  land 
and  lake  "iron-pitch,"  Nos.  11  and  13  are  decomposition  prod- 
ucts from  the  land  and  lake  respectively,  that  may  be  what  has 
been  called  ''  chocolate  pitch,"  No.  12  may  be  what  has  been 
called  ''grey  pitch."  None  of  these  are  commercial  articles, 
yet  they  are  shown  by  these  analyses  to  have  scientific  rela- 
tions to  the  commercial  pitches  full  of  interest.  By  compar- 
ing these  five  specimens  with  any  other  five  in  the  tabl^,  it 
will  be  found  that  they  are  low  in  material  soluble  in  petro- 
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lenm  ether;  high  in  material  soluble  in  boiling  spirits  of 
turpentine  and  chloroform,  and  at  the  same  time  tnej  are  low 
in  the  percentage  of  total  bitamen  soluble  in  boiling  spirits  of 
turpentine.  This  apparent  contradiction  is  easily  accounted 
for  when  the  high*  percentage  of  material  soluble  only  in 
chloroform  is  observed.  The  proper  interpretation  of  tnese 
results  in  reference  to  the  aging  of  asphalt  awaits  the  comple- 
tion of  investigations  now  in  progress. 

Table  No.  1. — Analyses  of  Trinidad  Pitch. 


No. 


a. 

1.  Mean 

a. 
b. 

2.  Mean 

a, 
b. 

3.  Mean 

a, 
b. 

4.  Mean 


Petrolene. 


33*600 
33635 


33-640 
33-600 


33-637 
33  511 


33-617 


33-620 


33-574 


Aaphaltene.  '3.^^^^^^ 


33-769 
33-703 


33-736 


17150 
17-200 


18-888 
18-468 


23  621 
23-034 


18*764 
18-498 


17-176     50-791 


18-678     62-297 


23-327     66-901 


18-631     52*367 


a.  33  600  118-000 

b,  33-650  ^18-500 
6.  Mean  ;             33-625i  18250    51875 


a.  i 36-650 


6. 
€.  Mean 

a. 
b. 

7.  Mean 

a. 
b, 

8.  Mean 

a. 
6. 

9.  Mean 

a. 
b. 

10.  Mean 

a. 
b. 

11.  Mean 

a. 
b. 


36-650 


36-392 
36-392 


36-300 
36  650 


35-950 
36-950 


36-650 


36-372 


36-475 


35-950 


33-730 
33-730 


21*200 
21-525 


0000 
0000 


33*730 


21-362 


17200 
17-250 


17151 
17-246 


17-975 
17-800 


17*225 


53-875 


17-198     63-570 


17-887     54-362 


18-060  I 

18-100  ! 

18-075     54*025 


18-948 
18-760 


30-375 
30-250 


3-000 
8*000 


18-849     52-579 


30-312 


51-674 


Organic 
Not  Bitumen. 


11*625 
11-850 


1 1  -347 
11-652 


7-840 

8988 


10-564 
11*138 


10-500 
9800 


10*800 
10-775 


11-737 


Inorganic. 


11-499 


8*414 


10-851 


10-150 


10-787 


37  625 
37-300 


36-123 
36-280 


34-902 
34-467 


36903 
36-555 


37*900 
38050 


35-350 
35-325 


37-462 


36-201 


34-684 


36-729 


37*975 


35*337 


10-491  35-961 

10*410  ,35-990 

10-450  35975 

9*900  35*725 

9-850  35*700 

9-876       35*7]  2 

10*875  ;35*125 

10-690  !35'260 

10-782  I      35192 


11-390 
11-667 


9-600 
10-100 


43525 
43-550 


11-628 


36-930 
35-842 


35-886 


38-500 

J38-450 

9-850  ;      38*475 


53-476 
53*460 
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No. 

Petfolene. 

IToul 
Bltmaen. 

Orguilc 
Not  Bitumen. 

iDOtgtllk. 

n 

Me»D 

0-000 

SDOO 

3-000 

43-637 

53-4(! 

13 

6. 
Mean 

19-^00 
19-300 

tS'IBO 

830BO 
S3-6T6 

33313 

62-662 

a-<6D 
9-476 

9SGa 

38000 
37-760 

3i-b;( 

w 

6. 
Mean 

81-800 
3 1-7  SO 

3I-T76 

187SS 
18'SaS 

IB-eiG 

S0'400 

11-936 
13-366 

13-140 

37-660 
37-370 

37  410 

IS 

b. 
Umo 

31-ITa 
3S-450 

32-318 

i3'S4e 
43300 

43  474 

T6-7B7 

6S70 
6  960 

B-Teo 

'  18-606 

18-390 
1             18-441 

16 

b. 
Mean 

36-37!> 
3R-4aS 

3S'400 

17  476 
17-600 

17  637 

6I-B87 

11-000 
10'93B 

10-963 

36- 1 60 
36-050 

n 

Ueau 

3i-200 
Si'IUO 

34100 

1B7ID 
IS  830 

1 8-107 

6S-9&7 

11276 
11-440 

11 -361 

'35-760 
36-540 

1          u-tu 

IB 

ft' 
Mmu 

22-276 
i2'22S 

33-260 

32-33S 

32  176 

23'.'iSO 

44-600 

8-936 
8-960 

8931 

46-675 
46-350 

46WI 

19 

Umd 

3B-360 
30-300 

3g-33B 

17-176 
17-400 

66-613 

9  336 
9100 

9163 

34-360 

34-200 

30 

Mean 

38-160 

a8'12S 

38-137 

IBTSO 
18-931 

IS'S36 

66-079 

a-100 
7-933 

8011 

36000 
36031 

21 

ft. 

UUQ 

36-925                36-326 

26-926               126-275 

26-926 

22 

ft. 

Mean 

84-760             '  18-035 

34-700               118-050 

34-726! 

23 

X. 

Uean 

34-400                 1 8-650 
34-426             ,18-676 
1               34-412' 

24 

i 
M^an 

133275                 la-SaS 

33-lOQ               !l9700 

.     33-187 

18-042,    62-767 


18-5621    B2-9T4 


14-663 1    60  024 


,    34-735  '20-175 

.    34-175  \\9-615 


11-375 
11-100 

11-237 

36-376 
36-700 

10-970 
10-875 

10-M3 

36-246 
36-376 

11-600 
11-336 

11-412 

35-660 
36615 

11100 
11-160 

11-125 

36-300 

36050 

10-600 
10-476 

10-637 

38360 
38-575 

u-ioo 

H-3!5 

11-313 

38-6:^0 
38-875 

8-426 
y   8-926 

%W1. 

36-675 
36  675 
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Table  No.  2.— Analyses  of  Trinidad  Pitch. 


Percentage   of   Crude  Pitch 

Perceutage  of  Total  Bitumen  only 

only  soluble 

in 

soluble 

in 

.  Petroleum   Boiliog 

Chloro- 

Total 

Petroleum  Boiling 

Ohloro- 

Total 

Ether. 

Spts.  Tut-    form. 

Bitumen. 

Ether. 

Spts.  Tui 

-  form. 

in 

pentine. 

60791 

pentine. 

S.  Tur. 

33-617 

10-887 

6-287 

66-500 

21*260 

'  12*260 

87*760 

33-620 

10-494 

8183 

62-297 

64-276 

20*066 

16-658 

84-342 

33-574 

13-802 

9-819 

67  195 

58-702 

24*131 

17-167 

82*833 

33736 

10-511 

8*120 

52-367 

64-422 

20071 

16-506 

84-493 

33625 

15-575 

2-675 

51-876 

64-819 

30-022 

6-159 

94*841 

36-650 

12-800 

4425 

53-875 

68-132 

23-700 

8-168 

91-832 

36  372 

11-683 

5-514 

53570 

67-896 

21-862 

10-242 

89-758 

36-475 

15-750 

2-137 

64-362 

67-096 

28*972 

3-932 

96-068 

35-950 

12-310 

6-762 

64  022 

66-644 

22-788 

10-668 

89-332 

33-730 

15-670 

3179 

62-579 

64161 

29*812 

6-036 

93-963 

21-362 

15-200 

16-112 

51'674 

41*340 

29*416 

29-246 

70-766 

1-700 

1-300 

3000 

Alter 

ation 

Pro- 

duct 

19-250 

20-487 

12-826 

62-562 

36-621 

38-976 

24*403 

75*697 

31-775 

11-876 

6-750 

60-400 

63-066 

23-547 

13*398 

86*602 

32-313 

21-249 

22-225 

76-787 

42-636 

28-038 

29*326 

70674 

35-400 

12-300 

6-237 

62-937 

66936 

23-162 

9903 

90-097 

34-200 

11  575 

7-222 

52-997 

64-531 

21*841 

13  648 

86372 

22*250 

9-735 

12-615 

44-600 

49-921 

21-837 

28*262 

71-768 

39-325 

11-285 

6002 

56-612 

69-466 

19*933 

10-602 

89-398 

38-137 

12-538 

6-297 

56973 

66  969 

22-016 

1 1  -026 

88976 

26925 

18-612 

6-687 

52-224 

51-555 

35-640 

12805 

87*196 

34-725 

13175 

4-867 

52-767 

66-809 

24-968 

9-223 

90*777 

34412 

13100 

5-462 

52-974 

64*960 

24*720 

10-320 

89680 

33137 

14-237 

6-275 

52-699 

62-974 

27-016 

10010 

89-990 

34  900 

9-200 

6-900 

61-000 

68-431 

18-039 

13-530 

86-470 

35-362 

9-862 

4*800 

50024 

70-691 

10-714 

9-595 

90-405 

34-750 

10-712 

9187 

54*660 

63*626 

19-692 

16-882 

83-118 

University  of  Michigan, 
DD  Arbor,  Michigan,  November  30,  1896. 


208    E.  A.  de  Schweinitz — Meteorite  from  North  Cardina. 


Art.  XXI. — A  Meteo7*ite  from  Forsyth  Uo.^  North  Carolina; 
by  E.  A.  DE  ScHWEiNiTZ,  M.D.,  Ph.D. 

About  three  years  ago  there  was  ploughed  up  on  a  farm  in 
the  southwestern  portion  of  Forsyth  Co.,  a  mass  about  50  lbs. 
in  weight  which,  upon  cursory  examination,  appeared  to  be 
pure  iron,  probably  of  meteonc  origin.  The  mass  had  an 
irregular  wedge-like  shape  and  was  covered  with  a  thin  scale 
of  oxide  of  iron.  The  metal  beneath  was  exceedingly  tough, 
could  be  cut  with  the  greatest  difficulty,  and  fragments  ob- 
tained by  means  of  chipping  with  a  cold  chisel  showed  a  erys- 
talline  structure.  A  polished  surface  etched  with  nitric  add 
did  not  show  the  Widmanstatten  figures  distinctly,  but  a  mot- 
tled crystalline  structure.  The  appearance  of  the  meteorite 
when  found  can  be  seen  from  the  accompanying  figures,  1  to  4 
fone-fourth  natural  size).  Subsequently,  two  slices  were  cat 
from  the  meteorite  and  etched  respectively  with  nitric  and 
hydrochloric  acids,  without  producing  any  very  characteristic 
markings. 

A  preliminary  analysis  made  from  a  piece  chipped  off  the 
end  of  the  meteorite  by  means  of  a  cold  chisel  gave  the  follow- 
ing results : 

Fe 04*90  per  cent. 

S -22       " 

Ni 4-18       " 

Co -33       « 

P trace 

From  this  it  would  seem  to  be  closely  allied  to  the  Guilford 
County  meteorite,  possibly  a  chip  of  the  same  find.  This 
iron  is  now  in  the  possession  of  Mr.  G.  F.  Knnz  of  5ew 
York. 

Biocbemic  Laboratory,  Columbian  University, 
Washington,  D.  C,  November  30,  1896. 
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Art.  XXII. —  On  a  new  Alkali  Hornblende  and  a  tUanifermt 
Andradite  from  the  NepJieline-Syenite  of  Dungannan^ 
Hastings  County,  Ontario :  by  Frank  D.  Adams  and  B. 
J.  Harrington,  McGill  College,  Montreal. 

In  a  paper  which  appeared  in  the  number  of  this  Journal 
for  July,  1894,  the  discovery  of  a  large  area  of  nepheline- 
syenite  in  the  township  of  Dungannon,  in  the  Province  of 
Ontario,  was  announced  and  the  geological  relations  and  min- 
eralogical  characters  of  the  mass  briefly  described. 

One  of  the  many  peculiarities  of  this  rock  is  the  absence 
from  it  of  the  mineral  pyroxene,  which  is  usually  the  chief 
iron-magnesia  constituent  in  rocks  of  this  class,  its  place  being 
taken  by  hornblende  and  mica,  but  even  these  minerals  are 
present  in  comparatively  small  amount.  Of  the  hornblende 
two  varieties,  occurring  in  diflEerent  parts  of  the  mass,  were 
distinguished.  The  first,  from  near  the  York  river,  has  a  large 
axial  angle  with  strong  pleochroism  in  tints  varying  from  pue 
yellow  to  deep  green,  and  although  containing  a  considerable 
amount  of  soda,  probably  approaches  common  green  hornblende 
in  composition.  The  second  variety,  which  occurs  in  a  series 
of  exposures  about  two  miles  to  the  east  of  the  village  of  Ban- 
<sroft,  is  quite  different  in  character,  having  a  small  axial  ande 
with  high  extinction  and  a  much  stronger  pleochroism  in  Uie 
bluish  tints  suggestive  of  arfvedsonite. 

A  number  of  additional  thin  sections  have  been  prepared 
and  in  the  present  paper  the  results  of  a  further  investigation 
of  the  optical  properties  and  chemical  composition  of  this 
second  variety  of  hornblende  are  presented. 

HornVlende — The  mineral  occurs  in  hypidiomorphic  grains, 
which  show  the  usual  hornblende  cleavages;  it  is  opticaUj 
negative,  a  being  the  acute  bisectrix,  but  the  double  refraction 
is  weak. 

It  possesses,  as  has  been  mentioned,  a  strong  pleochroism  as 
follows : 

a  =  yellowish  green,     b  and  c  =  deep  bluish  p^reen. 

The  absorption  is  c  =  b  >  a .  b  and  c,  if  not  quite  equal  in 
absorption,  are  nearly  so,  hence  sections  cut  at  right  angles  to 
the  acute  bisectrix  show  but  little  pleochroism  and  are  nearly 
isotropic,  c  lies  nearest  the  vertical  axis,  but  whether  toward 
the  acute  angle  /9  or  on  the  opposite  side  cannot  be  determined 
as  the  mineral  does  not  possess  a  good  crystalline  form;  it 
makes  with  the  vertical  axis  a  large  angle  the  extinction 
amounting  to  30°.     The  plane  of  the  optic  axes  is  the  clinopina- 
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coid,  and  there  is  a  strong  dispersion — red  greater  than  violet. 
What  drew  especial  attention  to  tliis  hornblende  in  the  first 
instance  was  tne  fact  that  it  appeared  to  be  nearly  uniaxial. 
When  a  section,  cut  at  right  angles  to  the  acute  bisectrix,  is 
examined  between  crossed  nicols  in  convergent  light,  a  black 
cross  is  seen  somewhat  thickened  toward  the  intersection  of 
the  arms.  This  cross,  on  revolving  the  stage,  divides  into  two 
hyperbolas,  but  these  separate  from  one  another  but  very  little, 
ana  appear  to  separate  less  than  they  really  do,  on  account  of 
the  fact  that  the  low  double  refraction  and  deep  color  of 
these  sections  causes  the  hyperbolas  to  be  ill-defined,  while  the 
whole  field  is  very  dark.  The  dispersion,  however,  makes 
itself  evident  in  the  varying  colors  on  the  sides  of  the  hyper- 
bolas. When,  however,  a  gypsum  plate  giving  a  red  of  the  nrst 
order  is  inserted  above  the  objective  the  hyperbolas  become  a 
little  better  defined,  although  still  not  sufficiently  definite  to 
allow  the  axial  angle  to  be  accurately  measured.  The  axial 
angle  is  found  to  be  over  30°,  possibly  as  much  as  45°, 
which,  however,  is  still  very  small  for  hornblende,  being 
about  one-half  the  usual  value.  Our  thanks  are  due  to  Pro- 
fessor Rosenbusch  for  his  assistance  in  working  out  these 
optical  relations. 

On  examining  a  large  series  of  thin  sections  of  nepheline- 
syenites  representing  most  of  the  important  occurrences  hith- 
erto discovered,  only  two  rocks  were  found  which  contain  a 
hornblende  at  all  similar  to  that  above  described.  The  first  of 
these  is  the  nepheline-syenite  from  the  Corporation  Quarry  at 
Montreal,  in  which  hornblende  with  the  same  small  axial  angle, 
low  double  refraction,  intense  color  and  plepchroism,  large 
extinction  angle  and  high  specific  gravity,  occurs  intergrown 
with  the  augite.  The  second  is  the  hornblende  described  by 
Hackman  under  the  name  of  arfvedsonite  and  which  occurs 
intergrown  with  aegerine  in  the  nepheline-syenite  from  Umptek 
in  the  Kola  peninsula.*  This  mineral,  however,  dififers  from 
typical  arfvedsonite  in  having  an  extinction  of  about  40°  as 
well  as  in  several  other  important  respects.  It  possesses  more- 
over a  very  small  axial  angle,  although  this  fact  is  not  noted 
by  Hackman,  while  in  true  arfvedsohite  the  axial  angle  is 
very  large.  This  Kola  hornblende  is  much  lighter  in  color 
than  the  hornblende  from  either  of  the  above  mentioned 
Canadian  localities. 

In  order  to  determine  the  chemical  composition  of  this 
somewhat  remarkable  variety  of  hornblende  from  the  Dungan- 
non  rock,  it  was  decided  to  separate  a  portion  for  analysis.  A 
considerable  quantity  of  the  rock  was  accordingly  reduced  to 

*  *' Petrographische  Beschreibung  des   Nephelinsyenites  vom  Umptek,"  von 
Victor  Hackman.    Kuopio,  1894,  p.  14. 
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powder  and  passed  through  a  sieve  of  43  meshes  to  the  inch— 
the  rock  being  rather  coarse  in  grain — and  after  having  been 
freed  from  dust  was  treated  with  Thoulet's  solution,  having 
a  specific  gravity  of  3'13,  in  a  large  separating  funnel.  In  this 
way  an  almost  complete  separation  of  the  colored  constituents 
was  effected.  These  latter,  which  sank  in  Thoulet's  solution, 
were  subjected  to  the  action  of  a  bar  magnet  and  then  treated 
with  dilute  hydrochloric  acid,  and  various  impurities  thus 
removed.  The  purified  powder  was  then  treated  first  with 
Klein's  solution,  having  a  specific  gravity  of  3*22,  and  then 
with  methylene  iodide,  having  a  specific  gravity  of  3*323.  In 
both  fluids  practically  everything  sank,  only  a  few  composite 

f rains  floating.  A  microscopic  examination  showed  the  pow- 
er now  to  consist  of  grains  of  hornblende  and  of  garnet  with 
some  composite  grains  consisting  partly  of  nepheline.  Fur- 
ther separation  became  difiicult  since,  as  was  subsequently 
ascertained,  the  hornblende  had  a  specific  gravity  of  3*433, 
and  the  specific  gravity  of  the  garnet  was  3*739,  while  many 
composite  grains  consisting  of  garnet  and  nepheline  had  a 
specific  gravity  practically  identical  with  that  of  the  horn- 
blende. As  the  electro-magnet  was  found  to  be  useless,  both 
minerals  being  readily  attracted  by  it,  Retger's  silver  nitrate 
method  was  employed.*  The  silver  nitrate  was  fused  in  a 
properly  arranged  test  tube,  and  after  the  introduction  of  the 

?>owder,  potassium  nitrate  in  powder  was  gradually  added  to  the 
used  mass  until  the  garnet  fell,  the  whole  being  frequently 
stirred  and  maintained  at  a  temperature  of  from  200°  to  240** 
C.  On  allowing  the  mass  to  solidify,  a  portion  of  the  powder 
was  found  to  have  collected  at  the  top  or  the  mass,  while  the 
rest  was  at  the  bottom,  the  intervening  part  being  quite  free 
from  mineral  grains.  The  solid  mass  was  then  cut  in  two  and 
the  salts  dissolved  by  treatment  with  water.  After  three  suc- 
cessive separations  the  hornblende  was  obtained  quite  free 
from  grains  of  garnet — the  only  impurities  present  being  some 
composite  grains  consisting  of  garnet  and  nepheline.  This 
powder  was  then  placed  under  a  lens  and  all  the  composite 
grains  picked  out  by  means  of  a  fine  needle.  In  this  way  a 
quantity  of  pure  hornblende  suflicient  for  purposes  of  analysis 
was  obtained,  while  the  garnet  was  obtained  directly  in  a  state 
of  purity  without  the  necessity  of  a  final  separation  by  hand. 
Both  minerals  were  found  to  be  quite  fresh  and  bright  and 
quite  unacted  upon  by  the  fused  salts. 

The  hornhlendef  was  then  analyzed  by  Dr.  Harrington  with 
tlie  following:  results : 


♦"Ueber  Schwere  Flussip:keitou  zur  Trennimg  von  MineraHen."  Neues 
Jahrbuch  fiir  Mineralogic,  etc.,  1889,  ii,  p.  190. 

f  We  would  suggest  llastingsite  as  a  varietal  name  for  this  hornblende,  con* 
nectfng  it  with  the  region  where  it  occurs. 
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Silica  .            

34*184 

Ti Ian iam  dioxide 

1-537 

11-517 

12-621 

Ferrous  oxide 

Manganous  oxide 

21879 

-629 

Water* 

The  atomic  and  quant!  valent  ratios  deducible  from  the  above 
SDalysis  are  ae  follows: 

Atomic. 

Si 670X4  =  2280 

1SX4  = 


A1 

Fe' 


6X3=  678 

158X^=  474 

Fe" S05X2=  610 

Mn 9X2=  18 

Ca 176X2=  352 

Mg 34X2: 


Na  . 


4R 
106 


Quail  tiTBltnt. 
2356     2356 


1152 


The  ratio  of  (R,0+RO) :  R,0,  :  SiO,  is  601  :  192  :  589,  or 
approximately  3:1:3,  and  obviously  the  mineral  is  a  true 
orthosilicate  agreeing  fairly  with  the  formula  (R,K),  R,Si,0,„ 
or,  more  fully,  (Fe,  Mn,  Ca,  Me,  K„  Na,),  (Fe,  Ai),  (Si,  Ti),  0„ 
— a  coDBtitntion  analogous  to  that  of  garnet. 

So  far  as  we  are  aware  no  other  hornblende  containing  so 
snaall  a  proportion  of  silica  has  heeu  analyzed  ;  but  the  small 
percentage  of  silica  is  explained  by  the  large  proportions  of 
ferrous  and  ferric  oxides.  This  is  made  plain  by  the  following 
formnlee  and  the  corresponding  percentages  of  silica  deduced 
from  them : 


Formula. 

P.  C.  of  Si 

SFeO,  Fe  IJ, 

aSiO, 

3219 

aCaO,  Fe  0. 

3SiO, 

35-4;l 

3FeO,  Al,0. 

aSiO, 

36-14 

3Na,0,  AI  O 

3SiO, 

3e'38 

3CaO    AI  0, 

3SiO, 

4000 
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The  Dungannon  hornblende  is  interesting  in  connection  with 
the  views  of  Scharizer,  who  suggested  in  1884*  that  many  of 
the  aluminous  hornblendes  might  be  regarded  as  molecular 
compounds  of  the   metasilicate  actinolite,  Ca  (Mg,Fe),  Si^O^^ 


I   II 


and  the  orthosilicate  (R,R),R,Si,0„,  for  which  he  employed 
the  name  syntagmatite,  originally  given  by  Breithaupt  to  a 
black  hornblende  from  Vesuvius.  The  hornblende  from  the 
Island  of  Jan  Mayen,  analyzed  by  Scharizer,t  and  that  from 
Bohemia,  analyzed  by  Schmidt,:}:  agree  closely  with  the  so-called 
*'  syntagmatite  molecule."  The  Stenzelberg  mineral,  analyzed 
by  Rammelsberg,§  also  approximates  to  it ;  out  these  three  and 
the  Dungannon liomblende  are  the  only  ones  yet  examined,  sa 
far  as  we  are  aware,  that  give  at  all  closely  the  syntagmatite 
ratios.  The  following  table  gives  the  analyses  of  these  four 
minerals  and  the  molecular  ratios  deducible  from  them : 


Jan  Mayen.    Molec.  R. 


SiO, 
TiO, 

A1,0, 
FesOt 

FeO 

MoO 

MgO 

CaO 

K,0 

Na,0 

H9O 


39167     653      653 


U-370 
12-423 

6-856 

1-505 

10-521 

11-183 

2013 

2-478 

•396 


Steozel-  DuDgan- 

Bohemia.  Mol.  R.    berg.       Mol.  R.  '     non.       MoL  R. 


140 

78 

81 
21 
263 
200 
21 
40 
22 


218 


3966 
0-89 

14-83 
12-37 

1-97 


\ 


!  14-25 

648  12-74 

I  1-25 

I  2-47 


I- 


661 
1 


145 

77 

27 

356 

227 

13 

40 


I 


672 


222 


39-62 
0-19 

14-92 
10-28 

I  7-67 

0-24 

11-32 

663  12  65 

'  2-18 

I  1-12 

0-48 


660 
2 

146 
64 

106 
3 
283 
226  } 

23 

18 

26 


662 


210 


685 


99-912 


100-43 


100  67 


34*184 
,  1-527 

11*517 
12-621 

,21-979 
0-629 
1-363 
9-867 
2-286 
3-290 
0-348 

1 99 -601 


670  > 
19  f 

113  i 
79  J 


m 


m 


3051 
9 

34 
176 

24 

53 

19 


^m 


In  all  four  analyses  the  ratios  for  (R,0+RO) :  R,0, :  SiO, 
(including  TiO,  when  present)  are  practically  3:1  :  3,  or,  to 
give  the  exact  figures  (excluding  water) : 

(R,0  +  RO) 

Jan  Mayen 2 '87 

Bohemia. 2*99 

Stenzelberg 3*14 

Dungannon 3-12 

The  ratio  (R,0+CaO)  :  (Mg,  Mn,  Fe)0  is,  as  observed  by 
Scharizer  in  the  case  of  the  Jan  Mayen  and  Bohemian  horn- 
blendes, approximately  3  :  4,  thus : 


.0.      : 

SiO, 

I      : 

2-99 

1      : 

3-02 

1      : 

315 

1      : 

3-07 

*  N.  Jahrb.  f.  Mia.,  1884,  ii,  p.  143. 

f  loc.  cit. 

IMin.  Mitlh,  iv,  23,  1881. 

§  Pogg.  Ann.,  1858,  ciii,  454. 


Titaniferoua  Andradite  from  Ontario. 


215 


Including  Water.  Excluding  Water. 

(R,0  +  CaO)  :  (Mg,  Mn,  Fe)0.  (R,0  +  CaO) :  (Mg,  Mn,  Fe)0. 


3-87 

3     : 

:    4-17 

4-10 

3     : 

:    4-10 

4-02 

3    : 

:      4-38 

3-84 

3    ; 

:    4-11 

Jan  Mayen 3 

Bohemia 3 

SteDzelberg 3 

Dungannon 3 


Scharizer  adopts  the  foregoing  ratios  (3:1:3  and  3  :  4)  as 

lose  of  syntagmatite  in  calcnlating  the  composition  of  hom- 

1   II     III 

[endes  intermediate  between  (R,R),  EjSi,0„  and  actinolite. 
Le  assumes  in  the  first  place  that  all  the  alumina  and  ferric 
dde  belong  to  the  syntagmatite  molecule  fz).  The  sum  of 
16  A1,0,  and  Fe,0,  molecules  (from  the  molecular  ratio)  mul- 
pled  by  ihree^  gives  (SiO,)2  on  the  one  hand  and  (ll,0+ 
.0)s  on  the  other.  The  sum  of  (E,0+R0)2  divided  in  the 
poportion  of  3  :  4  gives  (R,0+CaO)2  and  MgO+FeO)2. 
ubtracting  (MgO-hFeO)2  from  the  sum  of  the  correspondin 
iolecules  deduced  from  the  analysis  gives  (MgO+FeO)A — that 
the  number  of  molecules  of  magnesia  and  ferrous  oxide 
3longing  to  the  actinolite  molecule  (A) — and  (MgO+FeO)A 
>ided  by  three  (see  actinolite  formula)  gives  the  lime  mole- 
iles  of  the  actinolite  (CaO)A.  This  value  subtracted  from 
le  total  number  of  lime  molecules  gives  (CaO)2,  and  (CaOJz 
ibtracted  from  (R,0+CaO)2  gives  the  alkali  molecules  (m 
►me  cases  including  H,0).  Finally  (MgO-hCaO)A  gives 
>iO,)A.  These  statements  will  be  made  clearer  by  the  follow- 
ig  example,  one  of  those  selected  by  Scharizer. 


Hornblende  fbom  Edenyille,  analtzbd  by  Rammelsbbro. 


Original 
analysis. 

• 

Molee.  R. 
deduced 

from 
analysis. 

Syntag- 
matite. 

Actinolite. 

Calculated 
composition. 

Original 

analysis 

cala  to 

100. 

iO^ 61-67 

1,0,  ..      6-75 
e,0,  ,.     2-86 

861 

222 

609 

61-97 

52-66 

56 

18 

5U" 

5-99 
3  00 

6-86 
2-91 

IgO...   23-37 

584 

1271 

467 

24-35 

23-82 

'aO  -.-    12-42 

222 

70 

152 

12-96 

12-66 

ra,0...     0-75 
:,0 . .  - .      0-84 

12 
9 

12 
9 

►  222 

A  •    • 

0-78 
0-88 

0-78 
9-86 

I,0 0-46 

26 

4 



0-07 
100  00 

0-47 

98-12 

!  100-00 

1 
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Here  (SiO,)2  =  3(66+18)  =  222 

{R,0  +  R0)2  =  3(66  +  18)  =  222 

(R,0  +  CaO) .  =  Z^^^\  =  "^'^  =  96 

(MgO)x  =  4<^^^)2=H^  =  m 
(MgO)  A  =  684-(MgO)2  =  684-127  =  467 

(CO).  J^&±  =  i51  =  ,„ 

(CaO)2=  222  — (CaO)A  =  222—162  =  70 
(Na,O+K,O  +  H,O)2=(R,O  +  CaO)i:-(CaO)2=96-70=26 
But  (Na,0  +  K,0)2  =  12  +  9  =  21 

.-.(11,0)2  =  4 
Finally  (SiOJa  =  (MgO  +  CaO)  a=  467  +  162  =  609 

Having  thus  deduced  the  molecular  ratios  of  the  Bjntagma- 
tite  and  actinolite,  the  numbers  for  each  constituent  are  multi- 
plied by  the  corresponding  molecular  weights,  in  order  to 
obtain  the  theoretical  relative  weights  of  the  constituents  of 
the  mixed  hornblende. 


Syntagpiuatite. 

222X60       =13320 

56x102-6=    6745 

18X160    =    2880 

127  X    40    =    5080 

70X    56    =    3920 

12X    02    =       744 

9X    94    =       846 

4X    18    =         72 


Actinolite. 
609X60  =36640 


457X40  =  18280 
152X66  =    8612 


32607 


63332 


Then, 

(32607 +  63332): (13320  + 36540)::  100:  05 

and  X  =  51*97  =  p.  c.  of  SiO,  in  the  mixed  hornblende.  And 
in  like  manner  the  percentages  of  the  other  constituents  are 
calculated. 

But   82(><)7  :  63382   practically  as  1  :  2,  and  therefore  tlie 
formula  of  the  Edenville  hornblende  might  be  regarded  as 

R.U,Si,0„  +  2(Mg,CaSi.O..) 

or  as  Scharizer  gives  it 

10(ii,U,Si,O„)  +  20(Mg,CaSi,O.,) 
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)  analyses  selected  by  Scharizer  agree  remarkably  well 
bis  theory,  but  there  are  aluminous  hornblendes  whose 
totion  cannot  be  readily  explained  in  this  way  and  which 
}  same  time  cannot  be  referred  to  the  pargasite  orthosili- 

rnet. — In  the  hand  specimens  the  garnet  is  seen  to  possess  a 
reddish-brown  color.  In  the  thin  sections  it  is  a  paler 
I  although  still  deeply  colored.  It  is  not  found  in  all  parts 
3  mass  and  where  it  does  occur  is  usually  present  only  in 
amount.  It  possesses  the  usual  high  index  of  refraction 
I  quite  isotropic,  occurring  usually  in  irregular  shaped 
;  but  in  some  few  cases  showing  distinct  crystalline  form, 
qnently  holds  a  few  large  inclusions  which  usually  con- 
■  calcite  in  single  individuals,  although  the  garnet  is  per- 

fresh  and  the  calcite  shows  no  distinct  evidence  of  a 
Jary  origin.  It  moreover  sometimes  holds  inclusions  of  the 
lende  above  described,  of  pyrite,  iron  ore  and  even  of 
line.  A  garnet  resembling  this  occurs  in  small  amount 
ated  with  a  similar  hornblende,  as  above  mentioned,  in 
epheline- syenite  of  the  Corporation  Quarry  at  Montreal, 

also  contains  as  inclusions  most  of  the  other  constituents 
B  rock.  The  same  is  also  true  of  the  melanite  in  the 
line-syenite  of  Alno.f 

ore  analysis  the  garnet  was  purified  by  several  separations 
fused  silver  nitrate  and  on  careful  examination  with  the 
scope  the  grains  appeared  to  be  entirely  free  from  foreign 
r.  With  the  pycnometer  their  specific  gravity  at  16®  0. 
)und  to  be  3'739.     Chemical  analysis  gave  the  following 


3 : 


Silica 36-604 

Titaninm  dioxide 1  '078 

Alumina 9*771 

Ferric  oxide 16'996 

Ferrous  oxide 3*852 

Manganous  oxide 1  '301 

Lime 29-306 

Magnesia 1*384 

Loss  on  ignition *286 

99-577 

J  atomic  and  quantivalent  ratios  deduced  from  the  above 
lis  are  as  follows : 

Scharizer's  paper,  loc.  cit,  p.  156. 

eber  das  NophelinsjeDitgebiet  auf  der  iDsel  AIqo/'  von  A.  G.  Hogbom. 

5ren.  i.  Stockholm  Forh.,  1895,  p.  144. 
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Atomic. 

Si 610X4 

Tl 18X4 

Al   192X3 

Fe'" 200X3 

Fe" 53X2 

Mn 18X2 

Ca 623X2 

Mg 36X2 

H 32 


2492     2492 


1176^ 


QuantivaleDt. 

2440  ) 
62   \ 

576   i 
600  \ 

106  ^ 

36    I 

1046    \ 

70   I 

32  J 


1290 


y2466 


The  ratio  for  RO  :  R,0. :  (SiTi)O,  is  629  :  196  :  623,  or, 
calculating  the  titanium  as  Ti,0.,  629  :  203  :  610  =  3  : 1 :  a 

The  analysis  therefore  accords  well  with  the  ordinary  garnet 

II  III 

formula  3110,  R,0„  BSiO^  or  R,R,Si,0„,  and  the  mineral  may 
be  i*egardcd  as  a  titaniferons  andradite,  with  a  considerable 
proportion  of  the  ferric  oxide  replaced  by  alumina*  In  com- 
position it  resembles  somewhat  the  brown  garnet  from  the 
Island  of  Stoko,  analyzed  by  Lindstrom.* 

By  way  of  comparison  the  analysis  of  the  Stoko  garnet  and 
also  one  of  a  garnet  from  the  nepheline-syenite  of  the  Island 
of  Alnof  are  included  in  the  following  taola 


Stoko.       Molec.  R.  Alno.     Molec.  B.       DuDgannon.     Molec.  R. 


SiOj 36-63 

TiOa 

AUG,  ...     9  97 
FeaC  ...  13-45 

FeO 2-28 

MnO -63 

CaO 35-90 

MgO -28 

Na,0 

Ign -16 

99-30 


610      610 


98  ) 

84  \ 

32 ") 

9  I 

641 


182 


n 


9J 


698 


99-55 


3115  519 
6-73       84 

3-14       3 

23  83  180 


603 


180 


""-68     ""s 
33-44     597  )•  616 

•68        11 J 


36  604 
1-078 

9-771 
15-996 

3-852 

1*301 

29-306 

1-384 

4B     •    «■     ^ 

-285 


99-677 


96 


100  [ 

531 

18 
523 
'  35 

"ie 


m 


61S 


♦Zeitschr.  fur  Kryst.  u.  Min.,  xvi,  160,  1890. 

f  Sahlbom,  jd  the  paper  by  Hogbom  already  cited. 
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Art.  XXIII. — Proofs  of  the  Rising  of  the  Land  around 
Hudson  Bay ;  by  Robert  Bell,  of  the  Geological  Survey 
of  Canada. 

[Read  before  the  Geological  Society  of  America,  Philadelphia,  27th  December, 

1895.    Abstract.] 

In  the  provinces  of  Ontario  and  Quebec,  it  has  been  found 
from  actual  levellings  by  Gilbert,  Spencer  and  Upham,  that 
the  old  shore-lines  are  not  perfectly  horizontal,  but  that  they 
dope  upward  in  a  northeasterly  direction  at  rates  varying  in 
different  regions  from  a  few  inches  to  a  foot  and  even  two  feet 
per  mile.  If  this  upward  slope  were  continued  in  the  same 
iirection  to  the  northeastern  extremity  of  Labrador,  1300 
oailes  from  Lake  Huron,  the  increase  in  the  elevation  might 
there  amount  to  1000  or  2000  feet.  It  is  scarcely  probable  that 
;he  differential  elevation  is  constant  and  regular  for  such  a 
rreat  distance.  Still,  it  is  a  fact  that  well  preserved  shore- 
lines are  to  be  seen  at  great  heights  in  the  northern  parts  of 
[iabrador.  In  my  Geological  Survey  Report  for  1884,  I  have 
nentioned  ancient  beaches  at  Nachvak,  140  miles  south  of 
EEadson  Strait,  which  have  an  estimated  altitude  of  1500  feet 
tbove  the  sea. 

The  two  sides  of  Hudson  Bay  present  very  different  phys- 
cal  characters.  The  eastern  is  formed  mostly  of  crystalline 
"ocks  and,  as  a  rule,  is  more  or  less  elevated,  with  a  broken  sur- 
face sloping  somewhat  rapidly  westward  or  towards  the  bay ; 
^hile  the  western  side  is  mostly  very  low  and  much  of  it  is 
mderlaid  by  nearly  horizontal  Silurian  and  Devonian  strata. 
Fhese  low  shores  are  accompanied  by  shallow  water  extending 
far  to  seaward.  The  head  of  James  Bay,  which  forms  the 
southern  prolongation  of  Hudson  Bay,  is  extremely  shallow, 
but  the  various  rivers  which  flow  into  it  have  cut  channels 
through  the  soft  shallows,  and  by  means  of  these  the  land  may 
be  approached  with  sea-going  vessels.  The  whole  of  Hudson 
Bay  may  be  said  to  be  shallow  in  proportion  to  its  great  area, 
G»  the  soundings  show  that  it  does  not  average  more  than  70 
fathoms  in  depth. 

The  shores  of  the  bay  everywhere  afford  abundant  evidence 
that  there  has  been  a  comparatively  rapid  rise  in  the  land  and 
that  the  elevation  is  still  going  on.  I  nave  mentioned  numer- 
ous proofs  of  this  in  my  various  official  reports  on  the  geology 
of  these  regions  from  1875  to  1886,  and  I  shall  now  recall  a 
few  of  those  and  give  fresh  ones  in  addition,  some  of  which 
came  to  my  knowledge  on  a  journey  to  the  bay  during  the  past 
summer.  It  is  well  known  to  those  who  have  paid  any  atten- 
tion to  the  subject  that  since  the  establishment  of  the  posts  of 
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the  Hudson's  Bay  Company  in  the  mouths  of  the  rivers  around 
the  bay,  200  years  ago,  there  has  been  an  ever-increasing  diflS- 
culty  in  reaching  these  establishments  from  the  sea. 

On  the  eastern  side  the  most  striking  evidence  of  the  rising 
of  the  land  is  afforded  by  the  numerous  well-presorved  and 
conspicuous  terraces  cut  m  the  till  and  other  deposits.  Near 
the  sea  these  may  be  seen  at  various  heights,  up  to  about  300 
feet,  but  above  this  elevation  the  scarcity  of  soft  material  oat 
of  which  terraces  might  be  excavated,  renders  this  kind  of  evi- 
dence less  apparent  than  it  might  otherwise  be,  at  higher  levels. 

On  this  side  of  the  bay,  one  of  the  best  evidences  that  the 
elevation  of  the  land  is  still  going  on  is  furnished  by  the  long 
lines  of  driftwood  which  one  sees  in  many  places  far  above  the 
reach  of  the  highest  tides.  The  old  beaches,  on  which  this 
wood  is  plainly  seen,  occur  at  various  levels  up  to  about  thirty 
feet  above  high  tide,  but  the  remains  of  rotten  wood  may  be 
detected  in  some  localities  up  to  nearly  fifty  feet,  above  which 
it  has  disappeared  from  the  ancient  shores  by  long  exposure 
to  the  weather.  This  driftwood  consists  principally  of  spruce, 
but  a  little  white  cedar  and  other  kinds,  which  have  beea 
brought  down  by  the  rivers,  are  also  mixed  with  it.  The 
bark  having  been  worn  off  by  the  action  of  the  waves  while 
the  trunks  were  still  fresh,  has  tended  to  their  preservation. 
Owing  principally  to  the  salt  water  and  the  cold  climate,  wood 
endures  for  an  incredibly  long  time  in  exposed  situations  in 
this  region  wherever  it  has  an  opportunity  of  drying  quickly 
after  rain.  Some  of  the  wood  which  may  still  be  seen  upon 
the  higher  levels  may  be  upwards  of  600  years  old. 

It  has  been  suggested  that  all  this  driftwood  along  hundreds 
of  miles  of  coast  may  have  been  thrown  up  by  some  extraordi- 
narily high  tide.  But  there  are  many  reasons  why  this  is  quite 
unlikely.  It  seems  impossible  that  any  modern  tide  could  rise 
to  such  a  great  height  and  deposit  so  much  wood  at  different 
levels  all  at  once  and  in  such  even  lines,  following  all  the  sinu- 
osities of  more  than  one  of  the  raised  beaches.  The  supposi- 
titious extraordinary  tide  would  necessarily  be  of  brief  duration 
and  would  be  accompanied  by  a  tremendous  gale  blowing  upon 
the  coast.  This  would  have  the  effect  of  throwing  the  wood 
in  confused  heaps  and  only  into  situations  favorable  for  catch- 
ing it,  such  as  angles  of  the  shore.  But  instead  of  this,  we 
find  it  at  different  levels  laid  longitudinally  all  along,  as  if 
accumulated  by  slow  degrees  with  moderate  winds  from  every 
quarter.  The  fact  that  the  wood  is  freshest  along  the  lower 
lines  and  becomes  progressively  more  and  more  decayed  as  we 
ascend,  and  that  finally  only  traces  remain  on  the  higher  levels, 
shows  that  it  must  have  been  stranded  from  time  to  time  as 
the  land  was  rising  above  the  sea,  and  we  are  forced  to  adopt 
this  obvious  view  of  the  case. 
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In  support  of  the  paroxysmal  tide  theory,  it  is  related  that 
)nce  durine  a  northern  gale  the  tide  was  forced  as  high  as  the 
front  gate  m  the  palisaded  enclosure  at  Rupert  House  near  the 
lead  of  James  Bay,  and  it  is  added  that  this  would  be  equiva- 
ent  to  a  height  of  about  thirty  feet.  When  at  Rupert  House 
ast  summer,  I  could  hear  no  authentic  account  of  such  an 
extraordinary  rise  in  the  water  and  besides  the  gate  referred  to 
Jid  not  appear  to  be  more  than  fifteen  feet  above  the  sea-level. 
But  even  if  such  a  great  rise  in  the  water  had  once  occurred  at 
;hi8  place,  it  would  prove  nothing  in  regard  to  the  raised 
reaches  on  the  long  straight  shore  out  on  the  open  sea.  Hud- 
jon  Bay  is  about  1000  miles  long  and  its  outline  is  funnel- 
ihapedj  with  James  Bay  representing  the  contracted  extremity. 
Supert  House  is  situated  near  the  end  of  this  narrow  continu- 
ition,  so  that  just  here  we  should  expect  very  high  water  with 
k  spring  tide  and  northern  gales  driving  the  sea  in  from  the 
)road  expanse  outside  and  heaping  it  up  at  the  extremity  of 
:he  constantly  narrowing  termination. 

The  gravel  terraces  seen  at  various  elevations  around  the 
»ve8  and  upon  the  thousands  of  small  islands  along  the  east 
5oa8t  of  James  Bay  are  remarkably  sharp  and  well-preserved 
md  almost  as  fresh-looking  as  if  they  had  been  formed  but  yes- 
»rday.  They  are  generally  bare  of  trees  or  bushes  and  the  yet 
imooth  surface-peboles  are  only  partially  covered  by  lichens. 
Similar  terraces  may  be  seen  farther  north  on  this  coast  and  in 
Hudson  Strait,  wherever  material  exists  out  of  which  they  may 
be  formed.  On  Marble  Island  the  raised  beaches  are  very 
plainly  visible  on  account  of  the  whiteness  of  their  smooth, 
ijnartzite  shingle. 

On  the  west  side  of  Hudson  Bay  the  land  is  generally  too 
low  to  admit  of  the  relatively  higher  sea-levels  of  former  times 
baving  been  recorded  in  the  shape  of  terraces  near  the  present 
shore  line,  but  if  we  go  back  into  the  woods  we  shall  find 
unmistakable  evidence  of  the  existence  of  such  higher  levels 
&t  comparatively  recent  periods.  These  consist  of  long,  low 
ridges  of  drifted  materials,  such  as  we  see  in  a  fresher  state  at 
the  present  high  tide  mark.  They  are  made  up  of  driftwood 
and  other  vegetable  debris  in  a  completely  decayed  condition, 
covered  by  moss  and  having  trees  and  shrubs  growing  upon 
them.  In  some  places  we  may  still  trace  the  forms  of  the  larger 
trunks  which  had  been  cast  ashore  by  the  waves  at  high  tide. 
Between  these  ridges  and  the  present  shore  there  is  a  thick 
growth  of  the  coniferous  forest  and  the  ground  is  carpeted  with 
moss,  over  which  the  tide  has  never  passed.  Examples  of  these 
low  ridges  may  be  seen  near  the  head  of  tide-water  at  the  mouth 
of  Nelson  River,  at  Attawapishkat  River  and  in  places  between 
the  latter  and  Albany  River. 
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To  the  west  and  southwest  of  James  Bay  the  till,  covering 
the  nearly  flat  Silurian  and  Devonian  rocks,  is  generally  over- 
spread by  stratified  clays.  Marine  shells  are  found  in  these  up 
to  an  elevation  of  400  to  500  feet,  but  on  the  eastern  side  of  tie 
bay  no  fossils  have  yet  been  detected  at  such  high  levels,  owing 
perhaps  to  the  scarcity  there  of  marine  deposits  and  to  the  fact 
that  but  little  search  has  yet  been  made  for  them.  In  the 
sandy  deposits  among  the  hills  about  twent]^  miles  south  of 
Cape  Wolstenholme,  I  saw  abundance  of  Saxicava  rugoaa  and 
Tellina  GroinlandiGa  with  smaller  numbers  of  a  few  other 
species,  at  heights  varying  from  the  sea  level  up  to  about  300 
feet ;  and  last  summer  I  found  brackish  water  varieties  of  i 
nuinber  of  the  commoner  species  of  our  northern  marine  shells 
up  to  70  feet  above  the  sea  in  the  clay  banks  along  the  lower 
portion  of  the  Noddawai  River. 

Around  the  head  of  James  Bay  and  up  its  western  side  the 
encroachment  of  the  outer  lines  of  the  forest  upon  the  wide 
alluvial  flats  which  extend  all  along  these  shores  and  are  con- 
stantlv  broadening  towards  the  sea  is  good  evidence  that  a  rifl- 
ing of  the  land  is  now  going  on.  The  existing  condition  in 
this  part  of  the  bay  is  well  described  by  Mr.  A.  P.  Low  in 
speaking  of  Agoomski  Island.  On  page  24  J.  Geol.  Survey 
Report  for  1887,  he  says : 

*'Tbe  island  closely  resembles  the  adjoining  mainland  in  phys- 
ical character,  being  very  low  and  swampy.  The  shore-line  above 
high- water  mark  is  made  up  of  muddy  flats  covered  in  part  with 
grasses  and  sedges,  followed  further  inland  by  thick  growths  of 
small  willows,  these  in  turn  giving  place  to  small  black  spruce 
and  tamarac  as  slightly  higher  ground  is  reached.  The  line  of 
these  trees  is  often  over  two  miles  inland  from  high-water  mark, 
itself  a  long  distance  from  the  sea  at  low  water." 

No  living  mollusks  are  to  be  found  in  James  Bay  except 
perhaps  in  the  northern  part,  owing  probably  to  the  mnday 
and  brackish  nature  of  the  water,  but  abundance  of  the  dead 
shells  of  a  considerable  number  of  kinds  are  washed  out  of  the 
clays  forming  the  present  shores.  Some  of  these  belong  to 
moderately  deep-water  species  and  are  well-preserved,  retain- 
ing the  epidermis.  This,  of  course,  shows  a  recent  elevation 
of  the  sea  bottom. 

Richmond  Gulf  on  the  eastern  side  is  separated  from  the 
main  bay  by  a  high  bar  of  stratified  rocks,  which  strike  with 
its  length  and  dip  westward  or  towards  the  open  sea.  Thifi 
bar  is  cut  through  by  several  gaps,  all  resembling  one  another, 
except  in  their  neights  above  the  sea,  and  all  bearing  evidence 
of  their  having  been  well  worn  channels  of  communication  at 
more  or  less  remote  times  according  to  the  greater  or  less  eleva- 
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don  of  their  beds  above  the  sea.  Only  one  narrow  passage 
now  remains  open  or  low  enough  to  admit  the  water,  but  two 
others  are  as  yet  only  slightly  raised  above  the  tides. 

Some  of  the  aboriginal  geographical  names  around  the  head 
of  James  Bay  are  significant  of  considerable  changes  in  the 
topography  since  these  shores  became  inhabited  by  the  natives 
who  still  occupy  them.  The  large  peninsula  between  Hannah 
and  Kupert  bays  is  called  Ministik-oo-watum,  which  means 
wooded  island  with  a  cove  or  hole  in  it,  ministik  being  the 
Cree  for  a  wooded  island  and  watum  for  a  cove  or  hole.  The 
heads  of  the  channels,  which  now  run  in  behind  the  present 
peninsula  from  the  opposite  sides,  are  separated  by  a  strip  of 
low  ground  some  ten  miles  long  covered  by  bushes.  Midway 
across  this  strip,  the  elevation  is  estimated  to  be  about  fifteen 
feet  above  high  tide.  The  most  prominent  point  on  the  coast 
between  Moose  Factory  and  Fort  Albany  is  now  called  "  Cock- 
iapenny"  by  the  whites,  but  the  Cree   name  is  Ka-ka-ki-sip- 

i>in-a-wayo  Minis,  or  Island  where  the  Crow-duck  (Cormorant) 
ays  eggs.  Since  this  island  became  connected  with  the  main- 
land, bushes  have  taken  the  place  of  the  grasses  and  sedges 
which  first  grew  upon  the  low  ground  between  them,  and 
the  former  are  constantly  acquiring  a  stronger  growth.  Many 
years  ago  the  winter  trail  of  the  coast  passed  over  the  neck  of 
this  peninsula,  but  now  it  has  become  necessary  to  go  outside 
of  it,  because  the  bushes  have  grown  so  large  that  they  catch 
the  snow  which,  in  such  situations,  remains  too  soft  for  dog 
teams  and  snow-shoers. 

The  salt  marshes  along  the  west  coast  of  James  Bay  and 
also  in  the  vicinity  of  York  Factory,  which  used  to  attract 
vast  numbers  of  wild  geese  and  ducks,  have  been  gradually 
drying  up,  much  to  the  inconvenience  of  the  Hudson's  Bay 
Company's  people,  who  depended  largely  upon  them  for  food. 

The  character  of  the  lower  portions  of  such  rivers  as  the 
Moose,  Albany  and  Attawapishkat  shows  a  recession  of  the 
sea.  This  is  particularly  observable  in  the  lower  thirty  miles 
of  the  Moose,  where  very  long  and  narrow  or  ribbon-like 
islands  run  parallel  to  one  another  for  many  miles.  The 
process  of  their  formation  appears  to  have  been  a  constant 
drawing  out  of  their  lower  extremities  as  the  sea  receded  from 
them,  just  as  the  lowest  islands  of  the  present  day  are  growing. 

On  the  east-main  coast,  where  the  land  is  comparatively 
high,  the  grade  of  the  rivers  is  rapid  as  they  approach  the 
bay,  and  in  some  of  them,  as  the  Nastapoka  and  the  Langlands, 
there  are  perpendicular  falls  of  about  100  feet  almost  directly 
mto  the  sea.    This  condition  indicates  recent  elevation. 

One  of  the  best  evidences  of  the  modern  rising  of  the  land 
18  to  be  found  in  the  beach-dwellings  of  the  Eskimos,  which 
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may  be  seen  at  all  elevations  up  to  about  70  feet.  In  summer 
these  people  generally  camp  on  the  shore,  and  their  favorite 
locations  are  at  the  mouths  of  small  streams  into  which  the 
sea  trout  run  at  high  tide.  Here  tliey  construct  weirs  of 
stones,  which  impound  the  fish  when  the  tide  retires.  On 
Outer  Digges  Island,  I  have  found  these  fish  traps  and  the 
rings  of  stones  and  other  structures  marking  their  old  camp- 
ing places,  up  to  a  height  estimated  at  70  feet. 

Among  the  historical  evidences  bearing  upon  this  question 
since  the  advent  of  the  white  man,  may  be  mentioned  the  fact 
that  in  1610,  Henry  Hudson,  the  navigator,  wintered  in  a  bay 
full  of  islands  on  the  east  coast  south  of  latitude  53°.  None  of 
the  bays  in  this  region  would  now  be  possible  for  this  purpose, 
showing  that  a  considerable  change  in  the  level  of  the  sea  has 
taken  place  in  less  than  300  years. 

In  1674,  Charles  Bayley,  then  local  governor  for  the  Hod- 
son's  Bay  Company,  sailed  through  in  a  sloop  between  Agoomski 
Island  and  the  main  west  shore  of  James  Bay.  It  would  now 
be  impossible  to  pass  here  in  a  sea-going  vessel  of  any  kind. 
In  1886  I  found  it  difficult  to  get  through  in  bark  canoes, 
drawing  only  a  few  inches  of  water.  The  shoaling  is  not  due 
to  a  silting  up,  since  the  almost  dry  bottom  consists  of  a  level 
surface  of  till  with  bowlders  scattered  thickly  over  it. 

From  1675  to  1685  the  Hudson's  Bay  Company's  establish- 
ment in  the  mouth  of  Moose  River  was  upon  Hayes'  Island, 
which,  it  is  to  be  presumed,  was  selected  for  convenience  of 
landing  goods  from  their  vessels  and  shipping  out  their  retume. 
This  island  is  now  unapproachable  except  by  canoes  and  small 
boats.  For  more  than  200  years  the  factory*  has  stood  upon 
Moose  Island,  the  next  below  Hayes'  Island.  The  annual  ship 
from  England  anchors  in  the  channel  cut  through  the  sands  on 
the  mouth  of  Moose  River.  On  account  of  the  risk  of  rough 
water,  it  is  necessary  to  discharge  the  cargo  by  schooners. 
Within  the  memory  of  living  men,  these  schooners  could 
ascend  to  a  wharf  built  opposite  the  large  storehonse  of  the 
factory.  But  for  many  years,  the  same  schooners  have  been 
unable  to  ascend  all  the  way,  and  the  cargo  require!  to  be  trans- 
ferred into  scows,  which  complete  the  trip  to  the  wharf;  and 
the  distance  to  which  the  schooners  can  ascend  is  constantly 
diminishing.  In  the  beginning  of  the  present  century  Prin- 
cess Island,  a  narrow  bushy  strip  immediately  in  front  of  the 
factory,  was  separated  by  a  channel  with  a  good  depth  of  water 
at  the  lowest  tides.  Last  autumn  I  saw  it  quite  dry  on  several 
occasions  during  ebb  tide.  It  is  well  known  to  every  one  who 
has  lived  at  this  post  in  tiie  present  generation  that  every  now 
and  then  a  new  "  lump  "  w^ill  appear  in  the  bed  of  the  river 
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and  become  permanent,  growing  higher  and  higher,  eventually 
escaping  submergence  at  most  tides  and  at  length  becoming 
covered  with  grass  and  then  with  bushes.  Some  islands  which 
were  covered  only  with  bushes  forty  or  fifty  years  ago,  now 
support  a  growth  of  young  trees.  The  small  one  on  the  west 
side  of  Middleboro',  below  Moose  Island,  is  an  example  of  this 
and  the  appearance  of  the  trees  upon  it  is  within  the  memory 
of  Mr.  Broughton,  the  gentleman  now  in  charge  of  Moose 
Factory.  Middleton  Island,  between  the  mouths  of  Rupert 
and  Noddawai  rivers,  lies  close  to  the  east  shore  of  Rupert 
Bay.  Up  to  a  few  years  ago,  canoes  and  boats  could  pass  at 
high  tide  through  the  long  narrow  grassy  channel  behind  this 
island,  but  last  autumn  I  found  it  impossible  to  do  so  with  my 
canoes  and  we  were  obliged,  at  great  inconvenience,  to  go 
round  outside. 

Two  hundred  years  ago,  the  ships  of  the  Hudson's  Bay 
Company  appear  to  have  had  no  diflBculty  in  entering  the 
moutns  of  various  rivers  on  the  Eastmain  coast  which  cannot 
now  be  used  as  harbors.  In  old  times  the  principal  post  of 
the  company  on  that  coast  was  in  the  mouth  of  Eastmain  River, 
which  had  no  doubt  been  chosen  because  it  afforded  agood 
harbor.  It  is  only  a  few  years  since  the  mouth  of  Little  Whale 
River,  several  hundred  miles  farther  north,  had  to  be  aban- 
doned as  a  harbor  on  account  of  the  increasing  shallowness  of 
the  water. 

At  York  Factory  there  is  a  "  ship  hole "  in  the  channel  of 
Hayes'  River,  directly  in  front  of  the  storehouse.  The  sea- 
going vessels  of  light  draft  employed  in  the  Hudson's  Bay 
Company's  trade  have  been  accustomed  to  anchor  in  this  hole 
and  lormerly  they  remained  afloat  at  all  stages  of  the  tide,  but 
of  late  years,  vessels  drawing  even  less  than  those  of  former 
times  have  begun  to  "take  the  ground"  at  low  water.  In 
obiection  to  the  belief  that  the  land  is  rising  it  may  be  said 
this  may  be  due  to  a  silting  up  of  the  hole,  but  on  examining 
the  material  brought  up  on  the  flukes  of  the  anchors,  I  found 
it  to  consist  of  light  colored  stiff  bowlder  clay  or  till. 

In  1782,  after  the  French  Admiral  Lepeyrouse  had  destroyed 
Fort  Prince  of  "Wales  at  the  mouth  of  Churchill  River,  he 
landed  with  cannons  on  the  southeast  side  of  Nelson  River  and 
hauling  them  across  the  point  between  it  and  Hayes'  River, 
captured  York  Factory.  Two  ships  belonging  to  the  Hudson's 
Bay  Company  which  were  then  lying  in  Hayes'  River,  laden 
with  valuable  cargoes,  escaped  under  cover  of  the  darkness  of 
the  following  night  and  got  safely  to  England.  At  the  present 
time,  it  is  only  possible  for  a  sea-going  vessel  to  get  out  from 
this  river  at  the  top  of  high  water  with  favorable  wind  and 
careful  piloting  in  daylight.     To  say  nothing  of  the  difficulty 
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cansed  by  the  darkness,  it  is  unlikely  that  all  the  other  condi- 
tions now  necessary  to  enable  a  vessel  to  leave  the  river,  c<m- 
spired  to  aid  the  escape  of  these  ships.  It  is  much  more 
reasonable  to  believe  that  the  water  was  deeper  then  tfaw 
it  is  now.  The  landing  of  Lepeyronse  with  his  gnns  on  the 
shore  of  Nelson  Eiver  abreast  of  i  ork  Factory  was  a  feat  the 
like  of  which  could  not  be  accomplished  at  the  present  day, 
owing  to  the  extreme  shallowness  of  the  water. 

The  present  Fort  Churchill  or  "New- Fort,"  as  it  is  still 
called,  was  built  in  1782  on  the  west  side  of  the  river  about 
four  miles  and  a  half  above  Fort  Prince  of  Wales  as  soon  as 
the  French  had  retired  after  destroying  the  latter  establish- 
ment. The  residents  now  suffer  much  inconvenience  oo 
account  of  the  continued  shoaling  of  the  water  and  they  have 
been  obliged  to  lengthen  out  their  "  launch  "  or  lon^  landing 
tressel  from  time  to  time  in  order  to  be  able  to  reach  the  outer 
end  of  it  with  their  coast  boats. 

Off  the  western  side  of  the  lagoon  within  the  month  of 
Churchill  Eiver  is  Sloop's  Cove,  a  small  elliptical  pond  con- 
necting with  the  lagoon  by  a  very  narrow  entrance,  through 
which  the  water  barely  passes  at  high  tide.  On  the  arkose 
rocks  beside  this  little  cove  many  inscriptions  have  been  cot 
and  some  ring-bolts  have  been  fastened,  for  mooring  vessek^aD 
of  which  indicate  that  the  cove  was  used  for  wintering  ships 
in  old  times.  Indeed  it  is  known  that  the  ^'  Furnace  "  and  the 
"  Discovery,"  two  small  ships  commanded  by  Captain  Middle- 
ton,  passed  the  winter  of  1741-42  in  this  cove.  I  have  exam- 
ined the  place  on  various  occasions  and  have  copied  most  of 
the  sketches  and  inscriptions  on  the  rocks,  and  it  always 
appeared  to  me  that  the  conditions  which  we  observe  indicate 
a  rise  in  the  land  since  the  last  ship  wintered  there.  At  the 
present  time,  the  tide  does  not  rise  high  enough  to  allow  of  the 
passage  into  it  of  crafts  larger  than  ordinary  row-boats.  No 
sea-going  vessel  could  now  enter  it,  which  would  indicate  an 
elevation  nearly  eqoal  to  the  draft  of  the  ships  formerly  fre- 

Juenting  it.  It  would  be  a  boon  to  the  agents  of  the  Hudson's 
lay  Company  at  Churchill  if  they  could  now  winter  their 
small  schooner  in  this  cove  instead  of  being  obliged  to  send 
her  every  autumn  to  winter  at  York  Factory.  The  captain  who 
commands  her  happens  to  be  the  person  now  in  charge  of  the 
company's  post  at  Churchill,  and  both  he  and  his  crew  are 
obliged  to  walk  back  150  miles  through  the  mud  from  York 
Factory  after  leaving  their  vessel  there  in  the  autumn  and  to 
walk  the  same  distance  again  to  bring  her  back  in  the  spring. 
Mr.  J.  B.  Tyrrell  visited  Sloop's  Cove  in  the  autumn  of  1893, 
and  in  a  paper  published  in  the  Geological  Magazine  for 
August,  1894,  says  he  thinks  the  land  is  here  in  a  state  of  eqni- 
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librinm.  Two  inscriptionB  which  he  saw  on  the  roclcB,  namely, 
"May  25th and  May  27th,  1753,"  were  about  seven  feet  above 
the  present  high  tide  and  he  thinks  these  were  cat  by  men 
standing  on  the  ice.  This,  however,  does  not  prove  ranch,  for 
the  men  were  quite  as  likely  to  have  sat  as  stood  while  engrav- 
ing these  inscriptions.  As  the  tide  still  enters  the  cove  and 
keeps  it  full  of  water,  the  average  relative  level  of  its  ice  to 
the  rocks  surrounding  it  may  not  have  differed  much  from 
what  it  is  now.  When  I  visited  Fort  Prince  of  Wales  in 
1879,  oak  planks  brought  from  England  while  the  fort  was 
still  occupied  as  well  as  timbers  of  native  wood,  all  charred  by 
Lepeyrouse's  tire,  were  found  stranded  far  out  of  reach  of  the 
present  tides  and  still  in  perfect  preservation.  On  the  occasion 
referred  to,  I  met  at  the  '^Kew  Fort"  children  of  some  of  the 
people  who  were  living  at  the  "  Old  Fort "  when  it  was  cap- 
tared  by  the  French,  and  from  them  some  information  could 
be  obtained  as  to  the  conditions  at  that  time.  We  have, 
besides,  the  description  and  illu6ti*ations  in  the  book  by  Samuel 
Heame,  who  was  then  in  charge  of  the  place.  Any  lijght 
which  these  accounts  may  throw  on  the  state  of  matters  then 
as  compared  with  the  present  time,  points  in  the  direction  of 
some  elevation  having  taken  place. 

Among  the  photographs  which  I  took  around  Fort  Prince 
of  Wales  in  1879  is  one  which  shows  strips  of  dry  land  grasses 
alternating  with  little  parallel  ridges  oi  gravel  thrown  up  by 
the  waves  and  now  above  the  highest  tide-mark,  but  below  the 
level  of  the  spot  which  was  pomted  out  to  me  as  the  landing 
place  of  Lepeyrouse.  The  ground  on  which  the  fort  stands 
was  an  island  during  high  tide  at  the  time  the  place  was 
occupied  and  a  bridge  was  thrown  across  the  narrowest  part  of 
the  little  separating  channel  to  connect  the  island  with  the  main 
land.     This  channel  is  now  entirely  dry. 

If  anything  further  were  wanting  to  show  that  an  elevation 
of  the  land  is  now  going  on  in  this  region  we  have  some  direct 
personal  evidence  in  the  lifetime  of  the  witness  himself  in  sup- 
port of  the  facts  already  cited.  About  twenty  years  ago,  a 
very  aged  Indian,  who  was  said  to  have  '^  seen  more  than  a  hun- 
dred winters,"  and  who  was  quietly  passing  the  last  years  of  his 
extraordinarily  lonff  life  at  Norway  House,  told  me  in  presence 
of  the  factor,  Mr.  Koderick  Ross,  and  the  other  gentlemen  of 
that  establishment  that  he  had,  when  a  boy,  witnessed  the  land- 
ing of  Lepeyrouse  and  the  destruction  of  Fort  Prince  of  Wales. 
He  gave  graphic  details  of  every  circumstance,  which  agreed 
perfectly  with  Lepeyrouse's  own  account,  and  he  answered  all 
my  que^iitions  on  otlier  points  entirely  satisfactorily  and  with- 
out a  moment's  hesitation.  Among  other  things,  he  mentioned 
that  the  spot  where   the  Frenchmen's  boats  landed  was  quite 
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close  to  that  portion  of  the  western  wall  which  they  under- 
mined and  blew  up  with  gunpowder.  He  said  that  when  all 
was  ready,  they  laid  "a  rope"  (train)  of  gunpowder  across  the 
beach  and  setting  fire  to  the  end  of  it,  ran  off  to  a  safe  dis- 
tance to  witness  the  effect.  It  is  now  a  considerable  distance 
from  this  spot  to  the  nearest  point  of  water  at  high  tide. 

The  proofs  of  the  rising  of  the  land  around  Hiidson  Bay  in 
postglacial  times  would  be  admitted  by  any  geologist,  and  the 
question  of  the  continuance  of  the  movement  at  the  pr^ent 
time  is,  1  think,  answered  in  the  affirmative  by  the  actual 
general  shoaling  of  the  water  which  is  going  on  and  the 
encroachment  of  the  land  on  all  sides,  some  proofs  of  which 
have  been  given  in  the  foregoing  pages.  All  the  facts  which 
have  been  mentioned  (and  many  more  might  be  added)  point 
in  the  same  direction,  while  there  appears  to  be  no  evidence  of 
a  contrary  character.  The  officers  of  the  Hudson's  Bay  Com- 
pany are  an  intelligent  set  of  men,  and  their  universal  opinion, 
Dased  upon  lifetimes  of  observation,  is  that  the  land  all  aroond 
the  bay  is  rising.  The  following  is  part  of  a  letter  recently 
received  from  Mr.  Joseph  Fortescue,  lately  a  chief  factor  in 
the  Hudson's  Bay  Company,  in  answer  to  my  request  for  his 
opinion  on  this  subject : 

''  Regarding  the  rising  of  the  shores  of  Hudson  Bay^  I  have  no 
doubt  whatever.  When  I  was  at  York  Factory,  I  heard  several 
Indians  Fay  that  the  sea  or  tide  bad  retired  two  miles  from  places 
they  remembered  when  they  were  young,  and  my  own  observa- 
tions during  twenty  years  there  would  lead  me  to  entertain  the 
same  opinion.  When  I  revisited  Moose  Factory,  after  nearly 
forty  years  absence,  I  found  a  great  change  in  the  appearance  of 
the  coast  and  river.  Channels  which  were  navigable  at  all  times 
of  the  tide  formerly,  could  now  only  be  used  at  high  water.'^ 
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A.RT.  XXIV. — On  the  Occurrence  of  Thaumasite  at  West 
PcUersonj  New  Jersey ;  by  S.  L.  Penfield  and  J.  H. 
Peatt. 

In  1878  Baron  von  Nordenskiold*  described  a  mineral 
Trom  the  copper  mines  of  Areskuta,  Jemtland,  Sweden,  which, 
iccording  to  the  analyses  of  Lindstrom,t  had  the  composition 
CaSiO,,  CaCO,,  CaSO,,  14H,0  and  to  which  the  name  thau- 
masite  was  given,  from  &aufid(^eiP,  to  be  surprised.  The  min- 
eral was  not  foand  in  distinct  crystals  but  was  crvstalline  and 
»n  a  f ractare  showed  a  fine  fibrous  structure.  Its  homogeneous 
sharacter  and  its  right  to  be  considered  a  distinct  mineral 
species  rested  upon  the  following :  The  material  seemed  to  be 
homogeneous  when  examined  with  the  microscope,  and  the 
three  analyses  of  Lindstrom,  made  upon  material  collected  in 
the  earlv  part  of  this  century  by  Polheimer,  in  1859  by  Nor- 
olenskiold,  and  in  1878  by  Engberg,  agreed  not  only  very 
i^losely  with  one  another  but  also  with  the  theory  demanded 
by  the  formula. 

That  a  mineral  with  such  a  remarkable  composition  was 
capable  of  existence  was  not  accepted  by  all  mineralogists,  and 
Bertrand,:|:  on  examining  thin  sections  of  it  with  the  microscope 
was  led  to  believe  that  it  was  a  mixture,  composed  of  a  uniaxial 
mineral  with  negative  double  refraction  supposed  to  be  calcite, 
of  a  biaxial  mineral  gypsum,  and  of  a  third  mineral,  the  optical 
properties  of  which  could  not  be  made  out,  probably  calcium 
silicate  or  woUastonite. 

The  idea  of  Bertrand's  that  thaumasite  was  a  mixture  was 
not  accepted  by  Nordenskiold,  and  the  latter  to  sustain  his 
position  presented  the  following  arguments,§  which  were  very 
convincing:  First,  if  it  were  possibly  a  mixture  it  certainly 
would  be  very  remarkable  that  three  independent  samples, 
collected  at  such  widely  separated  periods,  should  agree  so 
closely  in  percentage  composition.  Second,  there  is  no  known 
hydrated  calcium  silicate  which,  when  mixed  with  calcite  and 
gj^psum,  could  yield  a  product  containing  over  42  per  cent  of 
water.  Third,  it  would  not  be  possible  for  a  mixture  of  cal- 
cite, gypsum  and  woUastonite,  with  specific  gravities  of  2*72, 
2'31  and  2*90  respectively,  to  yield  a  product  with  such  a  low 
specific  gravity  as  thaumasite,  1*877. 

Specimens   were  moreover  sent   to    Lacroix   for  renewed 

•Oomptes  RenduB.  vol.  Ixxzvii,  p  313,  1878. 

+  Ofv.  Ak.  Stockholm,  vol.  xxxv,  No.  9,  p  43,  1878. 

1  Bull.  See.  Min.  de  France,  vol.  iii,  p.  169,  1880,  and  vol.  iv,  p.  8,  1881. 

g  Geol.  For.  Forhandl.,  Stockholm,  vol.  v,  p.  270,  1880. 


280  Penfidd  and  Pratt — Occurrence  of 

optical  examination,  and  in  a  letter  to  Nordenskiold  he  states* 
that  the  material  was  found  to  be  practically  homogeneous, 
nniaxial  and  with  negative  doable  refraction,  bat  whether 
hexagonal  or  tetragonal  coald  not  be  determined.  The  uni- 
axial material  which  Bertrand  had  taken  for  calcite  was  in 
reality  thaumasite,  and  Bertrand  in  a  letter  to  Nordenskioldf 
withdrew  his  objection.  He  gives  also  the  approximate 
indices  of  refraction  ft>=:  1*503,  €  =  1467,  which  differ  from 
those  of  calcite. 

In  1890  Widmanij:  described  specimens  of  tbanmasite 
belonging  to  the  mineral  collection  of  the  University  of 
Upsala,  which  are  reported  to  have  been  found  at  Kjoliand, 
about  thirteen  miles  from  the  original  locality  Areskata,  and 
two  analyses  by  Hedstrom  quoted  by  him  agree  very  closely 
with  the  ones  made  by  Lindstrom.  From  Hedstroni's  analy- 
ses the  formula  CaSiO,,  CaCO,,  CaSO^,  15H,0  was  derived, 
and  as  pointed  out  by  Widman  this  slight  change  in  the 
formula  agrees  satisfactorily  with  the  analytical  results  of  Lind- 
strom, who  really  had  found  over  fourteen  and  one-half  mole- 
cules of  water. 

It  is  with  pleasure   that  the  authors  are  able  to  annonnee 
the  discovery  of  this  unusually  interesting  mineral  at  Baiter's 

Suarry^  West  Paterson,  New  Jersey,  the  material  having  been 
rst  brought  to  our  notice  by  Mr.  Geo.  L.  English,  of  New 
York,  who  sent  a  specimen  of  it  to  the  mineralogical  labora- 
tory of  the  Sheffield  Scientific  School  for  identification.  The 
mineral  occurs  as  an  aggregate  of  prismatic  crystals,  sometimes 
so  loosely  held  together  that  the  individuals  can  be  separated 
by  crushing  between  the  fingers,  while  more  often  the  masses 
are  firm  and  have  somewhat  the  appearance  of  white  alabaster. 
Occasionally  distinct  prismatic  crystals  were  observed,  aver- 
aging 0-5°*™  in  diameter  and  2  to  4"°*  in  length,  but  they  were 
poorly  formed  and  without  distinct  terminations.  Some  of 
the  masses  showing  fine  prismatic  crystals  have  a  decidedly 
silky  luster.  There  is  a  distinct  prismatic  cleavage.  Measure- 
ments were  only  possible  in  the  prismatic  zone  and  approximated 
to  60°,  which  determine  the  crystallization  as  hexagonal.  On 
examining  fragments  imbedded  in  Canada  balsam  ones  can 
readily  be  found  which  show  a  uniaxial  interference  figure 
with  negative  double  refraction.  Using  a  polished  plate,  the 
index  of  refraction  for  the  ordinary  ray  was  determined  by 
means  of  total  reflection  in  a-monobromnaphthalene  and  found 
to  be  1*5125  for  yellow  Na.  By  means  of  a  prism  of  32°  58' 
the  following  values  were  also  obtained  for  yellow,  «>= 1*519 

*GeoI.  For.  Forhandl.,  Stockholm,  vol.  ix,  p.  35,  1887. 
t  Ibid,  vol.  ix,  p.  131,  1887. 
ilbid.,  vol.  xii,  p.  20,  1890. 
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and  e=:l'476.  It  must  be  stated,  however,  that  a  prism  oat 
from  a  crystalline  a^i^gregate  cannot  yield  wholly  satisfactory 
resaltfl,  as  the  light  does  not  traverse  a  single  individaal,  and 
that  for  example  which  yielded  the  extraordinary  value  above 
was  vibrating  in  crystals  whose  vertical  axes  were  approxi- 
mately and  not  perfectly  parallel  to  the  edge  of  the  prism. 
Levy  and  Lacroix*  give  «>= 1-507  and  €=1*468. 

In  order  to  be  absolutely  sure  of  the  uniform  character  of 
the  material  for  analysis,  selected  pieces  of  the  mineral  were 
crushed  and  sifted  to  a  uniform  gram  and  separated  by  means 
of  methyl  iodide  CH,I,  which  was  diluted  with  ether.  That 
every  particle  of  the  mineral  in  the  separator  floated  at  a 
specific  gravity  of  1*887  and  sank  at  1*875,  a  difference  of  only 
0*012,  is  suflBcient  proof  of  the  homogeneous  character  and 
great  purity  of  the  material.  Lindstrom  gives  as  the  specific 
gravity  of  the  Swedish  mineral  1*877  and  Widman  gives 
1-83. 

The  results  of  the  analysis  are  as  follows: 

I.  II.        III.     Average.  Ratio. 

SiO, 9-23     9*33     9*23     9*26  -165  -97 

CO, 6-87     6-77                 6-82  -155  -97 

SO, 13-56   13-32               18-44  168  1-05 

CaO 27-08  27-19  27-13  -484  3*04 

H,0 42-81  42-72               42-77  2-377  1600 

Na.O -39  -39 


.,^ -18  18 


K.6 

99-99 


The  ratio  of  SiO, :  CO, :  SO, :  CaO :  H,0  is  very  nearly 
1 : 1 : 1  :  3  :  15,  demanded  by  the  formula  CaSiO,,  CaCO,, 
CaSO^,  15H,0.  The  analytical  results  are,  moreover,  very 
close  to  those  obtained  upon  the  Swedish  mineral  by  Lindstrom 
and  Hedstrom.  A  slight  amount  of  alkali  sulphate  is  prob- 
ably present  as  impurity,  therefore  the  alkalies  have  been 
neglected  in  making  the  above  calculation.  That  Na,0  and 
K,0  are  not  isomorphous  with  CaO  is  shown  by  the  following 
experiment:  1*1765  gram  of  the  powdered  mineral  were 
treated  in  a  platinum  dish  for  over  two  days  with  cold  water, 
the  insoluble  mineral  was  then  filtered  off  and  the  soluble  por- 
tion analyzed,  with  the  following  results :  SiO„  0*39  per  cent ; 
SO.,  0*56 ;  CaO,  0*56 ;  Na,0+Kp,  0-25.  These  indicate  that 
thauraasite  is  slightly  soluble  and  that  the  alkalies  have  an 
independent  existence,  for  a  quantity  of  Na,0-l-K,0  equal  to 
about  one-half   of   that  found  in  the   original   analysis   was 

*  Lea  MiQ^rauz  des  Roches,  p.  286,  1388. 
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extracted,  while  relatively  only  a  very  small  proportion  of  the 
calciam  was  dissolved,  a  result  which  wonld  not  have  taken 
place  if  the  alkalies  had  belonged  with  the  thanmasite.  A 
small  quantity  of  alkali  sulphate  may,  therefore,  be  regarded 
as  impurity,  and  deducting  from  the  analysis  the  alkalies  and 
suflBcient  dO,  (0*64  per  cent)  to  convert  them  into  sulphates, 
and  recalculating  to  one  hundred  per  cent,  the  following  results 
are  obtained,  wliich  agree  satisfactorily  with  the  values  required 
by  theory : 

Bj  recalculation.  Theory. 

SiO, 9-38  9-64 

CO, 6-90  7-08 

SO 12-96  12-86 

CaO 27-47  27-01 

H.0 43-80  43-41 

100-00  100-00 

Hoping  to  obtain  data  concerning  the  constitution  of  the 
mineral,  experiments  were  made  to  determine  the  temperature 
at  which  the  water  was  driven  oflE.  As  determined  by  Lind- 
strom,  the  mineral  slowly  loses  water  at  100®  C,  and  in  our 
experiment,  after  heating  for  over  ninety  hours,  a  loss  of  29*35 
per  cent  was  obtained,  but  the  weight  had  not  become  con- 
stant. At  150°  the  weight  soon  became  constant  and  then  at 
200®,  250°  and  300°  respectively  constant  weights  were  obtained, 
and  in  each  case  the  heating  was  continued  until  the  loss  of 
weight  during  several  hours  did  not  amount  to  more  than  a 
few  tenths  of  a  milligram.  Between  300°  and  360°  no  loss  of 
weight  was  obtained,  but  the  material  still  contained  water 
which,  as  seen  by  a  closed  tube  experiment,  was  expelled  at 
much  below  a  red  heat. 

The  results  obtained  from  -6663  grams  of  the  air-dry  min- 
eral are  as  follows : 

Proportional  parts 
Loss.  using  ^  of  total 

HtO  as  unitj. 

Two  days  in  dessicator Nothing 

Nine  hours  at  150° 37-41  13-18 

Seven  hours  at  200° 1-82  0*64 

Eight  hours  at  250° 1-41  0-50 

Five  hours  at  300^ 1*05  0-37 

Below  redness 1*08  0*38 


Total 42-7 


/ 


It  is  evident  from  the  above  that  13  molecules  are  to  be 
regarded  as  water  of   crystallization  and  two  molecules,  suffi- 
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cient  to  form  four  hydroxyls,  as  constitutional  The  last  two 
molecules  are,  moreover,  expelled  at  four  separate  temperatures, 
indicating  the  existence  of  four  hydroxyls  which  play  different 
parte  or  have  different  positions  in  the  molecular  structure. 
It  is  evident  also  that  the  CaSiO,,  CaCO,  and  CaSO^,  together 
with  the  water,  are  united  in  some  way  into  a  complex  mole- 
cule, and  probably  as  suggested  by  Groth*  in  some  way  anal- 
ogous to  the  combination  ox  silicate  and  sulphate  in  the  haiiyne- 
nosean  group  of  minerals  or  of  silicate  and  carbonate  in  can- 
crinite.  Begarding  silica  as  the  linking  non-metallic  element, 
the  following  constitution  may  be  suggested  as  a  probable  one : 


HO-Ca-0 


HO 


The  above  may  also  be  expressed  as  [(CaOH)CO.]  [(CaOH)SOJ 
[CaOH]  HSiO^,  13  fl,0.  The  formula  agrees  in  a  very  satis- 
factory manner  with  the  results  obtained  in  driving  out  the 
water,  for  it  demands  four  independent  and  different  hydroxyl 
molecules. 

Formulae  may  be  written  with  four  hydroxyls  and  with  either 
carbon  or  sulphur  as  the  linking  element,  but  they  do  not  seem 
to  the  authors  so  probable  as  the  one  given  above. 

The  occurrence  of  thaumasite  at  Paterson  is  in  the  trap 
which  has  been  quarried  for  road  material.  It  is  associated 
with  heulandite,  apophyllite,  laumontite,  pectolite,  chabazite, 
scolecite  and  natrolite,  all  of  which  are  found  at  the  locality 
in  beautiful  crystals.  Widman  mentions  the  occurrence  of 
apophyllite  with  the  thaumasite  at  Kjolland.  The  thaumasite 
has  crvstallized  later  than  the  zeolites  and  occurs  upon  or  sur- 
rounding them.     A  considerable  quantity  of  it  was  found. 

In  closing  the  authors  express  their  thanks  to  Messrs.  Geo. 
L.  English  &  Co.  of  New  York  for  generously  furnishing  them 
with  material  for  the  investigation. 

Mineralogical-Petrographical  Laboratory, 
Sheffield  Scientific  School,  February,  1896. 

*  Tabellarische  Uebersicht  der  MineralieD,  p.  149,  1889. 
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Art.  X.X,Y.—  The  Age  of  the  Wealden;  by   O.  C.   Marsh. 

The  Wealden  formation  of  England  has  long  been  studied, 
and  is  now   well   known  in  nearly  all  its   features.     Its  strati- 

f graphical  relations  and  its  Cretaceous  age  are  usually  regarded  as 
ully  determined,  and  this  is  true,  also,  of  the  corresponding 
strata  on  the  Continent. 

The  vertebrate  fauna  of  the  Wealden  is  of  special  interest, 
and  has  attracted  much  attention  ever  since  Mantell  in  1825 
unearthed  Iguanodon  in  the  Tilgate  Forest.  Some  of  the 
remains,  he  sent,  through  his  friend,  Professor  Silliman,  to 
Yale  College,  where  they  have  proved  of  much  service.  In 
1865,  the  writer  examined  the  same  famous  locality,  as  well  as 
others  on  the  south  coast  of  England  especially  rich  in  verte- 
brate fossils,  and  at  all  of  them  secured  interesting  specimens. 
A  study  of  these  in  connection  with  the  collections  at  London 
and  Brussels  first  made  the  writer  question  the  Cretaceous  age 
of  the  Wealden,  and  a  later  comparison  of  its  reptilian  fanna 
with  allied  forms  found  in  the  Itocky  Mountains  led  hioi  to 
the  conclusion  that  both  series  were  Jurassic  in  type,  and 
should  be  placed  in  that  division  of  the  geological  series. 

At  the  meeting  of  the  British  Association,  at  Imwich,  in 
September  last,  the  writer  read  a  paper  on  European  Dinosaurs, 
including  two  from  the  Wealden,  and  thus  tne  question  of 
their  geological  age  came  up  for  determination.  The  facts 
presented  by  the  writer,  based  mainly  upon  the  reptilian  fauna, 
strongly  indicated  the  Jurassic  age  of  the  Wealden,  and  he 
urged  a  re-examination  of  the  question  by  English  geolc^ts.* 
The  subject  has  since  been  taken  up  by  Smith  Woodward, 
with  special  reference  to  the  fossil  nshes.  In  the  Geolog- 
ical Magazine  for  February,  1896,  he  gives  the  main  results 
of  his  investigation,  which  prove  that  the  fishes,  also,  of  the 
Wealden  are  of  Jurassic  types,  thus  placing  the  geological  age 
of  this  formation  beyond  reasonable  doubt.  The  concluding 
statement  of  this  interesting  article  is  as  follows: 

"The  Wealden  estuary  seems  to  have  been  the  last  refuge 
of  the  Jurassic  marine  fish-fauna  in  this  part  of  the  world,  not 
invaded  even  by  stragglers  from  the  dominant  race  of  higher 
fishes  which  characterized  all  the  seas  of  the  Cretaceous  period. 
The  Wealden  river  drained  a  land  where  a  typically  Jurassic 
flora  flourished  ;  the  only  two  known  Mammalian  teeth  from 
the  Wealden  resemble  those  of  a  Purbeckian  genus;  and  now 
it  is  clear  that  the  fishes  agree  both  with  these  and  the  reptiles 
in  their  alliance  with  the  life  of  the  Jurassic  era." 

Yolo  UiiiverHity,  February  22d,  1896. 

♦Report,  Hritirth  Association  for  the  AdvaDcemeDt  of  Science,  p.  688,  1895; 
and  thiH  Journal,  vol.  1,  p.  412,  November,  1895. 
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Art.  XXVI. — Experiments  upon  the  Cathode  Hays  and  their 
Effects;  by  Arthur  W.  Wright.    With  Plates  VI- VII. 

The  history  of  the  investigations  which  have  led  to  our 
present  knowledge  of  the  phenomena  of  electrical  discharges 
in  rarified  gases,  and  especially  of  the  actions  which  take  place 
at  the  negative  electrode  in  an  exhausted  tube,  is  a  long  one  and 
full  of  interest.  But  while  there  are  many  memoirs  of  very  high 
importance,  those  which  most  immediately  relate  to  the  subject 
here  considered  are  two  papers  of  Philipp  Lenard,  of  the  Uni- 
versity of  Bonn,*  which  marked  a  great  advance  in  the  study 
of  the  cathode  rays,  and  the  paper  of  Professor  W.  C.  Rontgen,t 
of  Wlirzburg,  which  has  attracted  immediate  attention  from 
the  novelty  and  importance  of  the  results  therein  announced. 

In  his  first  paper  Lenard,  by  a  series  of  very  ingeniously 
contrived  experiments,  showed  how,  by  the  use  of  a  small 
window  of  thin  aluminium,  the  cathode  rays  could  be  obtained 
in  the  air  outside  of  the  vacuum-tube,  and  their  properties 
studied  by  the  use  of  fluorescent  screens  and  of  sensitized  pho* 
tographic  plates.  He  showed  that  they  could  be  traced  to  a 
distance  of  several  centimeters  in  air,  that  they  penetrated 
various  materials  in  different  degrees,  determined  in  a  large 
measure,  by  the  circumstances  under  which  they  are  originated. 
He  proved  that  in  air  and  other  gases  they  undergo  a  lateral 
diffusion  or  scattering,  as  if  by  the  action  of  a  turbid  medium, 
and  this  in  different  amounts  depending  upon  the  degree  of 
exhaustion  of  the  tube  in  which  they  originated.  His  researches 
led  him  to  the  conclusion  that  the  cathode  rays  are  phenomena 
of  the  ether.  Among  many  experiments  may  be  cited  one  in 
which  he  obtained  a  pnotographic  picture,  in  an  opaque  metal- 
lic box,  one  side  of  which  was  made  of  thin  aluminium.  In 
his  second  paper  he  studies  the  relative  absorption  of  the  rays 
by  different  materials,  showing  that,  broadly,  the  absorption  is 
propoii;ional  to  the  density  of  the  matter,  and  independent  of 
its  Kind,  but  that  the  order  of  the  different  kinds  of  matter  in 
this  respect  is  to  some  extent  dependent  upon  the  character  of 
the  rays. 

Prof.  Rontgen's  paper,  which  is  full  of  most  interesting 
results,  greatly  extends  the  range  of  the  phenomena  observed, 
especially  as  to  the  remarkable  power  of  the  rays  to  penetrate 
masses  of  matter,  and  brings  up  some  very  important  questions 
as  to  their  character.  He  states  that  as  obtained  outside  of 
the  vacuum-tube  they  are  not  deflected  by  a  magnet  to  an 
appreciable  extent,  that  they  undergo  neither  refraction,  reflec- 

♦  Wied.  Add.,  li,  p  225,  1894;  Ivl,  p.  255.  1895, 

f  8itzaDf<8berichie  der  Wiirzburger  Physik-medic.  Gesellschaft,  1895 ;  transla- 
tion in  Nature,  toI.  liii,  p.  274,  Jan.  23,  1896. 
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tion  nor  polarization,  that  they  do  not  produce  perceptible 
heating  effects,  nor  influence  the  magnetic  needle.  These 
characteristics  differentiate  them  strongly  from  luminous  rays, 
and  he  suggests,  but  with  great  moderation  in  statement,  that 
they  may  be  longitudinal  waves  in  the  ether.  To  these  ques- 
tions of  high  scientific  importance,  were  added  descriptions  of 
results  obtained  in  the  production  of  photographic  pictures  of 
objects  through  considerable  masses  of  matter  opaque  to  light, 
thus  revealing  the  inner  structure  of  bodies  otherwise  invisible, 
and  even  showing,  in  the  body  of  an  animal,  the  bones  clearly 
distinguished  from  the  flesh. 

These  results  were  of  such  great  interest  that  physicists  were 
immediately  incited  to  test  their  reality,  and  to  witness  the 
novel  effects.  The  present  paper  gives  an  account  of  experi- 
ments made  by  the  writer  in  the  Sloane  Physical  Laboratory 
of  Yale  University,  and,  omitting  many  details,  follows  the 
general  course  of  the  work  as  it  was  carried  out. 

For  the  production  of  the  cathode  rays,  a  Crookes'  tube, 
nearly  spherical  in  shape,  was  used,  of  the  kind  often  employed 
to  exhibit  the  independence  of  the  negative  electrode  in  high 
vacua.  It  is  provided  with  four  electrodes,  three  of  straipit 
wire,  of  which  two  are  situated  at  the  opposite  extremities  of 
a  diameter  and  directed  radially,  while  the  third  is  placed  at 
the  end  of  a  diameter  at  right  angles  to  the  line  of  the  other 
two.  The  fourth  is  situated  a  little  to  one  side  of  the  poiot 
opposite  the  third  electrode  just  described.  This  disposition 
18  advantageous,  as  it  leaves  a  space  of  smooth  thm  glass 
opposite  the  third  and  fourth  electrodes,  which  were  the  ones 
employed,  sometimes  one,  sometimes  the  other,  as  the  cathode. 
The  fourth  wire  terminates  in  a  slightly  concave  disk  or 
cup  about  two  centimeters  in  diameter.  The  concave  disk 
concentrates  the  cathode  rays,  issuing  normally  from  its  sur- 
face, at  a  point  near  the  opposite  surface  of  the  tube,  send- 
ing them  through  a  small  area  of  the  glass  wall,  which  becomes 
strongly  heated.  The  photographic  plates  show  this  concen- 
tration of  the  rays  plainly.  On  account  of  the  unequal  distri- 
bution of  the  effect,  however,  as  well  as  because  of  the  inferior 
definition  of  the  pictures  thus  obtained,  the  third  straight  wire 
electrode  was  used  in  preference.  This  gave  somewhat  less 
intense  effects,  making  a  longer  exposure  necessary,  but  the 
results  were  otherwise  much  more  satisfactory.  The  induction 
coil  used  with  the  tube  gives  a  spark  of  six  or  seven  centi- 
meters in  air,  and  was  actuated  by  four,  sometimes  iive,  second- 
ary cells. 

The  first  photograph  obtained  with  this  apparatus,  on  Jan. 
^7,  was  made  upon  a  piece  of  bromide  paper  which  had  been 
^'''^pped  in  thick  black  paper.  It  gave  very  clear  representa- 
^»^>nK  of  the  objects  employed.     In  the  evening  of  the  same 
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day  a  strong  picture  was  made  upon  a  photographic  dry-plate 
covered  with  a  thin,  white-wood  board.  In  some  of  the  earlier 
experiments  the  objects  to  be  tested  were  separated  from  the 
sensitive  plate  by  a  screen  of  wood  from  a  centimeter  to  a  cen- 
timeter and  a  half  in  thickness.  Strong  effects  were  produced 
easily,  but  the  pictures  had  a  blurred  appearance,  which  was 
largely  due  to  the  increased  distance  from  the  plate,  but  in 
part  also  to  the  diffusing  or  scattering  effect  of  the  wood. 
Later,  an  ordinary  photographic  plate-holder  was  used,  the 
objects  being  simply  laid  upon  the  ebonite  slide,  the  vacuum- 
tube  being  supported  directly  over  it  at  a  distance  of  from 
four  to  six  inches.  In  general  it  may  be  said  that  the 
pictures  have  the  appearance  of  shadows,  and  the  conditions 
which  are  necessary  for  the  production  of  distinct  shadows 
by  ordinary  light  apply  to  them,  especially  the  greater  dis- 
tance of  the  radiating  source,  and  nearness  of  the  object 
to  the  surface  upon  which  it  is  to  be  projected.  To  secure 
the  latter  condition  the  best  arrangement  was  simply  to  wrap 
the  photographic  plate  in  one  or  two  thicknesses  of  black 
opaque  paper,  as  a  protection  from  ordinary  light,  and  to  lay 
toe  objects  upon  this.  Increasing  the  distance  of  the  vacuum- 
tabe  improved  the  pictures  in  the  matter  of  sharpness,  fulness 
of  detail,  and  accuracy  of  form  and  dimensions,  but  the  time 
of  exposure  was  correspondingly  increased.  In  one  experi- 
ment a  variety  of  objects  was  selected  to  test  the  action  of 
the  rays  upon  different  materials.  On  one  side  of  the  plate 
were  arranged  four  equilateral  prisms,  two  of  flint  glass,  one 
of  Faraday's  heavy  glass,  and  one  of  quartz.  Two  of  these 
were  drawn  out  of  line  with  the  other  two,  so  that  a  straight 
steel  wire  laid  along  them  was  met  by  the  sloping  surfaces 
from  opposite  sides.  It  was  hoped  that  the  trace  of  the  wire 
upon  the  plate  would  show  the  presence  or  absence  of  refrac- 
tion, as  it  was  so  placed  that  the  trace  would  be  displaced  in 
opposite  directions  by  alternate  prisms  in  case  of  refraction, 
tfnfortunately  the  prisms  proved  too  opaque  to  the  rays  to 
show  the  desired  effect.  The  quartz  transmitted  a  little  at  the 
thin  edges,  the  flint  glass  prisms  very  little,  and  the  heavy 
glass  still  less.  A  block  oi  calcite  proved  also  to  resist  the 
passage  of  the  rays  very  strongly,  and  where  some  passed 
through  the  thin  edges,  there  was  no  trace  of  duplication  of 
the  images,  showing  the  absence  of  double  refraction  and  polar- 
ization. A  metallic  mirror  set  so  as  to  throw  a  trail  or  rays 
along  the  plate  in  case  of  regular  reflection  showed  no  such 
effect  whatever,  nor  did  the  polished  surfaces  of  the  prisms 
and  of  the  Iceland  spar.  The  plate  showed,  however,  that  a 
scattering  of  the  rays  occurred  at  various  points  where  they 
encountered  the  surfaces  of  the  objects,  and  this  effect  was 
noticed  on  many  other  occasions  in  the  different  experiments. 
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This  confirms  the  statement  of  Prof.  Rontgen  that  regular  re- 
flection does  not  occnr,  and  the  theoretical  results  annonnced 
by  Jaamann  in  his  remarkable  paper,  where  He  shows  that 
diffuse  reflection  may  occnr  but  not  specular  reflection.* 
Other  objects  upon  this  plate  were  slips  of  differently  colored 
glass,  ebonite,  tinfoil  and  thin  sheet  aluminium.  The  latter 
having  a  thickness  of  about  O'l"",  transmitted  the  rays  so  freelv 
that  it  shows  but  very  faintly  upon  the  negative,  and  not  at  all 
upon  the  prints  from  it.  Tne  ebonite  l*8"*"  in  thickness 
ranked  next  in  permeability.  The  slips  of  glass  (crown) 
showed  apparently  no  effect  dependent  upon  color,  the  effect 
in  stopping  the  rays  being  evidentlv  dependent  chiefly  upon 
the  thickness.  The  tin-foil  transmitted  the  rays  somewhat 
freely,  and  the  impression  shows  the  various  little  irregulari- 
ties in  its  surface.  Lead  a  little  more  than  a  millimeter  thick 
was  practically  opaque. 

Other  experiments  were  made  upon  the  bodies  of  animals 
and  the  human  hand.  A  rabbit,  purchased  in  one  of  the  mar- 
kets of  the  city,  after  an  exposure  of  one  hour  to  the  rays,  left 
upon  the  plate  a  complete  representation  of  the  bony  skeleton, 
the  bones  of  the  legs  being  very  sharply  and  perfectly  repre- 
sented. The  region  of  the  lungs  was  more  transparent  tnan 
the  rest  of  the  body,  and  the  heart  still  more  so,  being  some- 
what definitely  outlined.  The  cartilages  at  the  base  of  the  eare 
left  a  distinct  trace,  the  ears  themselves  scarcely  any.  Particn- 
larly  interesting  in  this  photograph  were  several  small  round 
spots  which  appeared  dark  in  the  positive  print.  These  were 
at  once  surmised  to  be  shot,  and  from  the  indication  of  their 
location  in  the  print  were  readily  found  and  extracted.  The 
mode  of  death  of  the  animal  was  not  previously  known.  Simi- 
lar results  were  obtained  with  the  boay  of  a  rat,  the  whole  skel- 
eton being  shown,  with  some  of  the  tendons.  Organs  of  the 
abdominal  region  were  also  discriminated  to  some  extent 

The  photograph  of  the  hand  shows  the  bones  and  their  articu- 
lations very  clearly  and  well  defined.  On  the  side  of  each  fin- 
ger the  plexns  of  nerves  and  blood-vessels  is  distinctly  shown 
as  it  divides  into  several  branches  for  distribution  to  the  ball 
of  the  finger.  When  the  negative  is  held  to  the  light  the  hand 
appears  as  if  modeled  in  a  translucent,  Inminons  material,  with 
the  full  appeanince  of  roundness  and  soHdity.  It  is  as  if  it  had 
become  nearly  transparent,  so  that  the  structure  of  the  interior 
could  be  seen,  not  only  in  respect  to  the  particulars  already 
mentioned,  i)ut  also  with  respect  to  the  distribution,  or  relative 
abundance,  of  the  blood  in  its  different  parts.  It  may  be 
remarked  here  that  this  effect  is  noticed  in  many  other  cases. 
The  pictures  are  not  merely  flat  shadows,  but  the  partial  opac- 
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tty,  varying  with  the  thickneBs,  gives  a  correepotiding  depth  of 
fihade  in  the  picture,  thns  producing  an  effect  of  perspective, 
whicli  in  the  negative,  or  a  negative  transparency  projected 
apon  a  screen,  has  a  striking  effect  of  relief,  and  a  Inminons 
eolidity  often  of  great  bt^anty. 

Afl  ID  the  case  of  tiaenes  which  are  rather  freely  traversed 
by  the  rays  the  differences  of  shade  in  the  impression  are  not 
very  great,  the  development  of  the  negative  requires  especial 
care.  It  is  better  to  use  a  developer  of  less  than  the  ordinary 
strength,  and  to  nse  no  alkaline  accelerator  at  all,  until  just  at 
the  end  of  the  procese,  and  then  very  sparingly  and  chiefly  for 
the  pnrpose  of  intensifying  the  picture.  This  makes  the  pro- 
cess very  long  and  tedious,  but  the  results  amply  compensate 
for  the  labor  of  obtaining  them.  Aside  from  this  it  appears 
that  the  photographic  plates  which  have  been  subjected  to  the 
rays  are  peculiarly  slow,  even  with  the  ordinary  mode  of  devel- 
opment. The  picture  is  a  long  time  in  making  its  appearance 
and  grows  very  gradually.  T^is  is  perhaps  in  part  due  to  the 
fact  that  the  effect  of  the  cathode  rays  extends  through  the 
entire  thickness  of  the  film,  which  mnst  therefore  he  thor- 
ongbly  developed  to  the  bottom  to  bring  ont  the  full  effect,  or 
poSBibty  to  a  specific  action  upon  the  film  itself. 


The  results  of  some  of  the  many  experiments  are  shown 
in  the  accompanying  cnt,  and  in  Plate  VI,  These  are  selected, 
not  so  mnch  for  any  special  interest  in  the  objects  themselves, 
as  for  the  reason  that  they  illuetratti  some  of  the  charac- 
teristic features  of  the  pictures  obtained  by  the  nse  of 
Prof.  Riintgen's  method.  The  cut,  from  a  plate  made 
January  30,  shows  a  small  paper  box  filled  with  cotton 
in  which  were  imbedded  three  metallic  splieres,  which  bad 
been  used  in  the  laboratory  as  pendulums.  The  sphere  nearest 
the  edge  was  aluminium,  the  one  nearest  the  center  platinum, 
the  other  brass.  They  were  all  of  the  same  size.  The  cover 
of  the  box  was  in  place  during  the  exposure.  The  box  and  its 
cotton  filling  show  little  hindrance  to  the  passage  of  the  rays, 
only  the  vertical  walls  showing,  with  an  inward  nick  where  the 


240         A.  W.  Wright— Cathode  Bays  and  their  Effects. 

side  was  crumpled  by  the  tight  cover.  The  alaminium  sphere 
appears  diininislied  in  size  by  the  passage  of  the  rays  more 
freely  through  the  lesser  thickness  of  its  periphery,  and  leaves 
a  lighter  trace  upon  the  plate  than  the  two  others,  which  are 
practically  opaque,  and  nearly  alike.  On  either  side  of  the 
box  was  a  mtjdal  of  aluminium,  the  head  in  one  being  upper- 
most, in  the  other  beneath,  the  two  being  alike  except 
in  position.  The  medal  is  one  made  by  Johnson  Matthej  &  Co., 
some  ycare  ago,  and  one  side,  the  reverse,  bears  the  name 
of  the  firm,  and  the  address,  Hatton  Garden,  around  the 
rim.  Across  the  middle  of  the  face  is  the  word  Refinebs. 
On  the  obverse  is  the  bust  of  Queen  Victoria,  and  aroand  the  rim 
the  words  Victoria  Queen.  The  raised  rim  is  serrated  on 
the  inside  on  the  obverse,  but  is  plain  on  the  reverse.  In 
the  cathode  picture,  owing  to  the  great  permeability  of  the 
metal,  the  designs  and  letters  upon  both  sides  are  shown, 
appearing  as  a  similar  medal  in  translucent  wax  wonld,  if 
viewed  by  transmitted  light.  In  the  negative  the  separate 
letters  can  be  distinguished,  and  two  dots  separating  the  name 
from  the  address,  though  the  letters  are  hardly  clear  enoQgh  to 
enable  one  unacquainted  with  their  import  to  make  out  the 
inscriptions.  The  gradations  of  light  and  shade  in  the  d^ 
tive  are  too  delicate  to  be  represented  adequately  in  any  pro- 
cess print,  but  are  fairly  well  shown  in  the  wood-cat  The 
position  of  each  medal  can  be  determined  from  the  greater 
distinctness  of  that  side  which  was  nearest  the  photographic 
plate. 

The  plate,  VI,  represents  a  portion  of  a  picture  obtained  Feb. 
1.  The  handles  of  the  saw  and  awl  are  oi  cherry  wood.  Thifl 
appears  very  transparent,  but  gives  a  shading  proportional  to 
the  thickness  of  the  wood.  Tlie  tang  of  the  awl  is  cletrly 
seen,  and  that  of  the  saw  also,  extending  entirely  throng  the 
wood(m  handle,  and  expanded  or  riveted  at  the  end  to  pre- 
vent it  from  being  pulled  out  in  use.  The  eye-^lassea  in. their 
leathern  case  show  minute  details  of  form,  and  the  vairing 
tliickness  of  the  lenses  is  indicated  by  corresponding  depUi  <n 
shade.  The  same  eifect  is  shown  still  more  strikingly  by  the 
figure  of  the  pocket  lens  in  its  ebonite  mounting,  where  no 
effect  of  refrat^tion  cim  be  traced,  the  lenses  simply  showing 
the  greater  thickness  at  the  center  by  the  deeper  shading. 
The  sides  of  thin  ebonite  are  separated  by  thicker  pieces  of 
the  sanit'  material  at  the  ends,  and  are  held  together  by  two 
brass  rivets  which  are  plainly  depicted. 

With  a  view  to  study  the  character  of  the  rays  outside  of 
the  vacuuiu-tulu^  the  following  experiments  were  made:  A 
ilat,  rcctan^iihir  ])h»te  of  copper,  1-8"'™  in  thickness,  25'5" 
long,  and  2rr»""  wide  was  used,  and  in  the  center  of  this  two 
straight,  paralhO   slits    ]•;>'"'"   wide  and    35™°*    long  were  cut 
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>iigb  the  metal.  Their  inner  edges  were  5'6""*  apart,  and 
jr  were  parallel  to  the  shorter  dimension  of  the  plate.     On 

side  of  the  copper  plate  was  soldered  a  strip  of  thinner 
et  copper  at  right  angles  to  the  length  of  the  slits,  and  about 
36  millimeters  from  their  ends.  One  side  of  the  strip  was 
ned  np  at  right  angles  to  the  copper  plate  and  formed  a 
76  for  the  end  of  the  sensitive  plate  to  rest  apon,  and  to 
ire  as  a  guide  in  placing  it  in  position.  The  copper  plate  was 
3ed  in  a  horizontal  position  beneath  the  vacuum-tube  and 
ant  from  it  about  one  decimeter  (97™"),  the  cathode  being 
jfnlly  brought  directly  above  the  slits  and  pointing 
ards  them.  In  the  first  experiment,  the  results  of  which 
illustrated  in  PI.  VII,  the  distance  of  the  nearest  part  of  the 
e  was  greater,  being  132"".  The  sensitized  photographic 
be,  wrapped  in  a  single  thickness  of  black  paper,  was  placed 
eath  the  copper  plate,  with  its  upper  end  resting  against 
guide  ledge  at  the  inner  end  of  the  slits,  and  inclined  at 
h  an  angle  that  its  lower  end  was  beyond  the  vertical  line 
>agh  the  outer  end  of  the  slits.  The  streams  of  cathode 
3  passing  through  the  slits  were  thus  intercepted  by  the  dry 
ie,  upon  which  they  left  their  trace  throughout  its  length. 
3  experiment  was  carried  out  as  follows :— The  dry-p1ate 
I  first  placed  so  that  the  slits  were  at  the  middle'of  its  upper 
;e.  One  of  the  slits  was  covered  with  a  strip  of  tnick 
per  plate  and  an  exposure  of  30  minutes  made,  after  which 
7a6  uncovered,  the  copper  strip  transferred  to  the  other  slit, 

a  second  exposure  of  equal  length  made.  This  was  for  the 
pose  of  fixing  upon  the  plate  the  position  of  the  cathode 
tarn  from  each  slit  uninnuenced  by  the  presence  of  the 
er.  The  sensitive  plate  was  now  moved  along  in  its  own 
ae,  .both  slits  were   uncovered,   and  a  new  exposure  of 

same  length  as  before  was   made.     This  was  to  detect 

repulsion    such    as   occurs    under  similar  circumstances 

bin  a  vacuum-tube.      Finally  the  photographic  plate  was 

sred    in   the    opposite  direction,   bringing    the  slits  over 

>oint  nearly  midway   between  the  center  and   the   edge, 

a  powerful  Jamin  magnet  so  placed,  that  if  any  effect 
•n  the  cathode  streams  were  produced,  such  as  is  seen 
a  vacuum-tube,  they  would  be  deflected  away  from  the 
ter  of  the  plate.  The  consecutive  positions  of  the  slits  rela- 
ly  to  the  plate  are  indicated  by  the  numbers  1,  2,  3  in  the 
3tration,  PI.  VII. 

)evelopment  of  this  plate  showed  some  interesting  results. 
;>osite  each  position  of  a  slit  is  a  trail  extending  nearly 
)ss  the  length  of  the  plate,  of  the  same  breadth  as  the  slit 
jre  the  latter  met  the  upper  end  of  the  plate,  and  spreading 
in  a  fan  like  shape  at  an  angle  of  very  nearly  15°.  The 
«  of  each  trail,  near  the  origin,  are  well  defineo,  and  recti- 
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linear,  or  nearly  so,  bat  at  a  distance  of  a  centimeter,  or  a  little 
more,  from  it,  they  show  an  outward  curvature,  which  increases 
with  the  distance,  and  their  edges  become  blurred  and  diffose, 
like  the  rays  shown  in  Lenard's  first  paper,  already  quoted,  but 
in  a  much  less  degree.  Traces  of  curvature  produced  by  the 
magnet,  appear  to  be  faintly  indicated,  but  if  real  are  very 
slight.  Mutual  repulsion  of  the  two  streams  produced  simul- 
taneously appears  to  be  shown,  but  the  eflEect  is  very  little.  To 
the  eye  the  three  pairs  of  streams  appear  to  be  nearly  alike, 
and  even  a  careful  measurement  of  the  angular  dimensions  of 
the  trails  shows  but  a  minute  difference,  too  small  to  be  made 
the  basis  for  any  positive  conclusion. 

Within  the  tube  the  cathode  rays  are  accompanied  by 
metallic  matter  derived  from  the  substance  of  the  electrode, 
and  the  minute  portions  of  the  metal,  whether  in  the  form  of 
vapor  or  fine  dust,  have  been  shown  by  various  investigatOFB 
to  be  negatively  electrified.  The  electrostatic  repulsion  of 
these  would  be  a  cause  for  the  mutual  repulsion  of  two  cathode 
streams,  as  shown  in  a  well-known  form  of  Crookes'  tube, 
while  the  motion  of  the  electrified  masses,  causing  them  to  act 
like  an  electrical  current,  as  was  proved  by  Rowland,*  would 
render  them  susceptible  to  magnetic  attractions  or  repnlsiona 
This  also  is  a  familiar  observation  in  respect  to  cathode  streama. 
Now  the  glass  walls  of  the  tube  do  not  suffer  the  metallic  mat- 
ter to  pass  through  them,  and  the  metal  is  deposited  upon 
them,  in  the  form  of  a  sooty  coating,  or  under  proper  condi- 
tion, of  a  mirror-like  film  of  brilliant  luster.t  Naturally,  then, 
the  rays  outside  of  the  tube  being  freed  from  the  metallic 
matter  would  show  the  effect  of  mutual  repulsion  and  ma£- 
netic  deviation  in  a  less  degree,  or  not  at  all.  If,  however,  it 
were  possible  to  make  them  pass  through  a  metal  which  would 
be  volatilized  by  them  to  some  extent,  the  effects  might  be 
expected  to  reappear. 

To  test  this  point  the  previous  experiment  was  repeated  with 
this  modification  :  The  slits  were  covered  with  two  layers  of 
ordinary  gold  leaf,  thin  enough  to  transmit  light  readily,  two 
being  used  to  lessen  the  chance  of  small  rifts  permitting  the 
rays  to  pass  unimpeded  and  to  interfere  with  tne  result  To 
compensate  for  the  lessened  effect  of  the  rays,  caused  by  the 
gold  leaf,  the  vacuum-tube  was  brought  a  little  nearer  the  slit- 
plate,  to  a  distance  of  DT™"".  Otherwise  the  arrangement  and 
adjustment  were  exactly  as  before,  and  the  exposures  were 
made  in  the  same  maimer,  but  were  slightly  longer,  40  minutes 
each.  Gold  was  selected  for  this  experiment  for  the  reason 
that  it  had  been  found,  in  earlier  experiments  by  the  writer,{ 
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x>  be  volatilized  with  great  facility  when  need  as  a  cathode. 
[t  was  thonght  that  the  passage  of  the  cathode  rajs  through  it 
B^onld  cause  the  liberation  of  the  metal  in  their  path,  in  the 
same  manner  as  within  the  tube,  and  thus  caase  them  again  to 
t>ecome  susceptible  to  mutual  repulsion,  and  to  deviation  by  a 
tn^net. 

This  expectation  appeared  to  be  justified  by  the  character 
3f  the  trails  upon  the  developed  photographic  plate,  although 
the  changes  were  not  great.  The  angles  were  determined  by 
measurement,  in  most  cases  by  pricKing  the  outlines  of  the 
streams  with  a  fine  needle  on  a  positive  print,  and  then  tracing 
the  lines  of  direction  of  the  perforations  with  a  straight-edge 
apon  paper.  The  angular  spread  of  the  streams  was  greater 
than  in  tne  previous  experiment,  being  now  about  18°.  The 
effect  of  the  magnet  was  shown  by  a  small  deviation,  in  the 
direction  expected.  The  measurements  of  its  amount  were 
difficult  to  make,  but  all  agreed  in  showing  a  positive  effect,  of 
M>mething  like  half  a  degree.  The  mutual  repulsion  of  the  two 
streams  was  also  clearly  shown,  the  angle  between  the  axes  of 
the  pencils  being  increased  a  little  more  than  half  a  degree.  It 
was  also  evidenced  by  the  fact  that  when  the  axes  were  pro- 
longed they  were  found  to  meet  at  a  point  nearer  the  slits  tnan 
those  of  the  pencils  produced  singly. 

A  third  experiment,  in  which  a  sheet  of  aluminium,  0'26™°* 
in  thickness,  replaced  the  gold  leaf,  was  now  made  under  the 
same  conditions  as  before.  As  this  metal,  though  readily  per- 
DQeable  by  the  cathode  rays,  is  very  slightly  affected  when  used 
18  an  electrode,  it  was  not  to  be  expected  that  it  would  modify 
the  stream  of  cathode  rays  to  the  same  extent  as  the  gold. 
This  the  developed  plate  confirmed.  The  magnetic  deviation 
conld  not  be  detected  with  certainty,  but  the  mutual  repulsion 
of  the  two  streams  was  somewhat  greater  than  before. 

An  attempt  to  discover  the  point  of  departure  of  the  rays 
was  made  by  tracing  the  axes  of  the  trails  or  pencils  until  they 
met  upon  the  plot.  In  the  case  of  the  first  two  experiments, 
they  were  found  to  come  together  at  a  point  very  near  the  cen- 
ter of  the  spherical  body  of  the  vacuum-tube,  thus  indicating 
that  they  left  the  surface  of  the  glass  nearly  normally.  The 
third  case  showed  the  point  of  meeting  nearer  the  cathode, 
but  the  results  of  the  three  pairs  of  pencils  varied  much  from 
each  other. 

While  it  is  doubtless  premature,  in  the  present  state  of  our 
knowledge  to  formulate  a  conclusion  as  to  the  nature  of  the 
rays  which  produce  these  remarkable  results,  we  may  derive 
some  useful  suggestions  from  a  consideration  of  the  circum- 
stances of  their  production.  If  the  cause  of  the  excitation  is  an 
ordinary  induction  coil,  the  resistance  of  the  circuit  of  the  second- 
ary is  so  great  that  the  oscillations  in  this  circuit  at  each  opening 
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or  closing  of  the  primary  circuit  will  be  rapidly  extinguished, 
and  the  mode  of  discharge  will  approximate  closely  to  a  simple 
discharge  at  each  movement  of  tne  interrupter,  producing  at 
the  terminal  of  the  electrode  within  the  tube  an  uneym metrical 
rise  and  fall  of  the  electrostatic  potential  This  must  give  rise 
to  the  passage  of  inductive  actions  through  the  space  surround- 
ing the  electrode  both  within  and  witnout  the  tube.  The 
period  or  duration  and  phase.of  these  inductive  pulses  will  be 
essentially  the  same  as  those  of  the  variations  of  potential  at 
the  surface  of  the  electrode,  and  as  these  are  not  a  continuous 
sequence  like  the  elements  of  a  train  of  waves,  the  inductive 
actions  in  space  may  be  regarded  as  very  probably  occurring  in 
the  form  of  isolated  or  unsystematic  pulses,  succeeding  one 
another  at  intervals  long  compared  with  their  own  duration, 
and  more  or  less  irregular  with  most  forms  of  interrupters 
used  with  the  coil,  from  the  variations  in  their  action.  As  to 
the  mode  of  propagation  of  these  pulses  the  most  natural  view 
would  be  to  regard  them  as  analogous  to  longitudinal  compres- 
sion waves  in  an  elastic  medium,  but  of  an  unsystematic 
character. 

It  may  be  of  interest  to  recall  the  fact  that  appearances 
similar  to  these  pictures  produced  by  the  rays  from  tne  cathode 
of  a  vacuum-tube,  and  not  unlikely  due  to  a  similar^cause,  have 
been  observed  before.  In  a  paper  published  by  the  writer  in 
1870,*  it  was  shown  that,  under  certain  conditions,  when  the 
silent  discharge  took  place  between  the  terminals  of  a  static  elec- 
trical machine,  a  minute  point-like  brush  appeared  upon  the 
negative  terminal,  and  a  glow  upon  the  positive,  in  which 
appeared  the  figures  of  objects  brought  into  the  path  of  the 
discharge.  When  a  piece  of  wire  gauze  was  interposed,  "the 
shadows  were  formed  with  striking  distinctness.  .  .  .     Eveiy 

f)eculiarity  of  texture   was  faithfully  represented,  the  irre^- 
arities  in  the  wires,  breaks  in  the  gauze,  and  the  like,  being 
accurately  reproduced,  and  moving  with  the  gauze,  just  as  in 
the  case  of  true   optical  shadows. '     In  a  subsequent  paperf 
attention    was   called  to  the  fact,   that  many  cases  of  ima^ 
formed  upon  the  bodies  of  persons  killed  by  lightning,  which 
had  been  reported  by  reputable  observers,  might  be  explained 
by   supposing   that  the  objects   represented  were  so  situated 
as  to  interrupt  the  lines  of  electrical  action.     These  facts  sug- 
gest the  proi)al)ility  that  every  electrical  discharge,    which  is 
not  simply  a  flow  of  potential  along  a  conductor,  may  produce 
efiffcts  of  II  similar  kind,  though  much  inferior  in  accuracy  of 
form  and  dimensions  to  those  produced  by  the  agency  of  the 
cathode  rays  fron)  a  high  vacuum-tube. 

Sloanc  riiyHiful  Labonitory.  Yale  University, 
February  22,  1896. 

*ThiH  Journal,  H,  vol.  xlix,  May,  1870,  p.  381. 

flbid.,  Ill,  vol.  i,  Juno,  1871,  p.  437.     Also  vol.  x,  Oct.  1875,  p.  317. 
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Art.  XXVII. — Triangulation  by  tneana  of  the  Cathode 
Photography;  by  John  Tkowbridgk. 

Photography  by  means  of  the  Rontgen  rays  seems  already 
>  be  of  great  importance  in  examining  certain  portions  of  the 
aman  body  to  determine  the  presence  of  metallic  bodies, 
ilcareons  formations,  and  fragments  of  glass.  The  shadow 
ictnres  as  they  are  taken  at  present,  however,  do  not  give  the 
pproximate  position  of  the  shots,  for  instance,  embedded  in 
16  flesh.  They  indicate  only  the  line  in  which  they  are  situ- 
;ed.  It  occurred  to  me  that  the  principles  of  triangulation 
)nld  be  applied  with  success  to  determine  more  exactly  the 
osition  01  the  metallic  particles.  I  was  led  to  this  conclusion 
Y  considering  Rumford's  photometer.  This  instrument,  it  is 
ell  known,  consists  merely  of  a  vertical  rod  placed  opposite  a 
litable  screen  of  white  paper.  The  two  lights,  the  intensities 
I  which  are  to  be  compared,  are  placed  in  a  fixed  position, 
id  throw  two  shadows  of  the  rod  on  the  screen.  From  a 
leasnrement  of  the  positions  of  the  lights  when  shadows  of 
jual  intensity  are  thrown  on  the  screen,  an  extinction  of  the 
rightness  of  the  lights  can  be  obtained.  Moreover,  by  measur- 
ig  the  distance  between  the  shadows,  and  by  drawing  lines 
om  them  to  the  lights,  the  position  of  the  rod  throwing  the 
ladows  can  be  determined.  This  position  is  evidently  at  the 
itersection  of  these  lines. 

I  have  used  two  Crookes'  tubes  with  two  terminals  making  an 
igle  with  each  other,  and  have  employed  a  to-and-fro  excita- 
on  by  means  of  a  Tesla  coil.  A  suitable  screen  of  glass 
lielded  the  sensitive  plate  first  from  one  cathode  and  then 
om  the  other.  From  the  distance  between  the  shadow 
ctnres  of  a  shot^  for  instance,  on  the  back  of  the  hand  and 
om  the  position  of  the  terminals  the  height  of  the  shot  above 
le  sensitive  plate  could  be  estimated.  It  seems  to  me  that 
lis  method  promises  to  be  of  importance  in  the  surgery  of  the 
ctremities  of  the  body ;  for  the  question  whether  to  make  an 
icision  from  the  palm  of  a  child's  hand  or  from  the  back  of  the 
ind  is  an  important  one.  Stereoscopic  pictures  can  also  be 
stained. 

The  use  of  a  Tesla  coil  in  obtaining  shadow  pictures  is 
Ivantageous  in  certain  respects,  for  by  changing  the  size  of 
le  spark  gap  in  the  primary  circuit  of  the  Tesla  coil  one  has 
great  range  of  electrical  energy  at  command.  This  range 
in  be  still  further  increased  by  putting  the  spark  gap  in  a 
agnetic  field.  I  have  taken  such  pictures  in  less  than  a 
linute,  showing  the  bones  in  the  fingers.     The  tubes  were, 
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at  first,  destroyed  by  disruptive  sparks  over  the  surface  of  the 
tube  which  apparently  penetrated  the  glass  between  the  plati- 
num terminals  and  the  glass.  I  have  lately  discovered,  how- 
ever, that  if  the  terminals  of  the  tube  are  placed  in  a  vessel 
tilled  with  paraffine  oil  and  if  the  oil  is  kept  cool  by  an  o^^ 
side  vessel  filled  with  snow  or  ice,  the  entire  energy  developed 
by  the  Tesla  coil  can  be  employed,  and  the  tubes  are  not 
destroyed. 

I  have  tried  wooden  lenses,  both  double  convex  and  double 
concave,  in  order  to  see  whether  the  rays  travel  slower  or  faster 
in  wood  than  in  air,  but  my  results  are  negative.  A  copper 
ring  placed  on  a  double  convex  lens  of  wood  of  approximately 
six  inches  focus,  and  one  also  on  a  concave  lens  of  the  same 
radius  as  the  surfaces  of  the  double  convex  lens,  gave  shadow 
pictures  of  the  ring  which  were  of  the  same  size  and  character 
as  those  of  an  equal  copper  ring  placed  in  air  at  the  same  dis- 
tance from  the  sensitive  plate. 

We  naturally  turn  to  Maxwell's  great  treatise  on  Electricity 
and  Magnetism,  to  see  if  a  hint  of  this  new  phenomenon  can- 
not be  found  there :  for  I  believe  there  is  no  manifestation  of 
electro-magnetism  since  the  death  of  Maxwell  which  has  not 
been  predicted  or  treated  by  him  in  one  form  or  another  in  his 
remarlcable  book.  In  section  792,  vol.  ii  of  the  treatise  on 
Electricity  and  Magnetism  he  says,  ^^  Hence  the  combined  effect 
of  the  electrostatic  and  the  electrokinetic  stresses  is  a  pressure 
equal  to  2o  in  the  direction  of  the  propagation  of  the  wave. 
Now  2/)  also  expresses  the  whole  energy  in  unit  of  volume. 
Hence  in  a  medmm  in  which  waves  are  propagated  there  is  a 
pressure  in  the  direction  normal  to  the  waves,  and  numerically 
equal  to  the  energy  in  unit  of  volume.  Thus,  if  in  strong  sun* 
light  the  energy  of  the  light  which  falls  on  one  square  loot  is 
83*4  foot-pounds  per  second,  the  mean  energy  in  one  cubic  foot 
of  sunlight  is  about  0-0000000S82  of  a  foot-pound,  and  the 
mean  pressure  on  a  square  foot  is  0-0000000882  of  a  pound 
weight.  A  flat  body  exposed  to  sunlight  would  experience 
this  pressure  on  its  illuminated  side  onlv,  and  would  tnerefore 
be  repelled  from  the  side  on  which  ligbt  falls.  It  is  probable 
that  a  much  greater  energy  of  radiation  might  be  obtained  by 
means  of  the  concentrated  rays  of  the  electric  lamp.  Such 
rays  falling  on  a  thin  metallic  disc,  delicately  suspended  in  a 
vacuum,  might  perha{>s  produce  an  observable  mechanical 
effect.'* 

Jeflfer?on  Phvsivn*!  Labv"»ratorv. 
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Art.  XXVIII. — Notes  of  Ohservations  on  the  Montgen  rays: 
by  Henry  A.  Rowland,  N.  R.  Oarmichael  and  L.  J. 
Briggs. 

The  discovery  of  Hertz  some  years  since  that  the  cathode 
rays  penetrated  some  opaque  bodies  like  aluminium,  has  opened 
up  a  wonderful  field  oi  research,  which  has  now  culminated  in 
the  discovery  by  Rontgen  of  still  other  rays  having  even  more 
remarkable  properties.  We  have  confirmed,  in  many  respects, 
the  researches  of  the  latter  on  these  rays  and  have  repeated 
his  experiment  in  photographing  through  wood,  aluminium, 
cardboard,  hard  rubber  and  even  tne  larger  part  of  a  millimeter 
of  sheet  copper. 

Some  of  tnese  photographs  have  been  indistinct,  indicating 
a  source  of  these  rays  of  considerable  extent,  while  others  have 
been  so  sharp  and  clear  cut  that  the  shadow  of  a  coin  at  the 
distance  of  2^  from  the  photographic  plate  has  no  penumbra 
whatever,  but  appears  perfectly  sharp  even  with  a  low  power 
microscope. 

So  far  as  yet  observed  the  rays  proceed  in  straight  Hues  and 
all  efforts  to  deflect  them  by  a  strong  magnet  either  within  or 
without  the  tube  have  failed.  Likewise  prisms  of  wood  and  vul- 
canite have  no  action  whatever  so  far  as  seen  and,  contrary  to 
Rontgen,  no  trace  of  reflection  from  a  steel  mirror  at  a  large 
angle  of  incidence  could  be  observed.  In  this  latter  experi- 
ment the  mirror  was  on  the  side  of  the  photographic  plate 
next  to  the  source  of  the  rays  and  not  behind  it  as  in  Rontgen's 
method. 

We  have,  in  the  short  time  we  have  been  at  work,  princi- 
pally devoted  ourselves  to  finding  the  source  of  the  rays.  For 
this  purpose  one  of  our  tubes  made  for  showing  that  electricity 
will  not  pass  through  a  vacuum,  was  found  to  give  remarkable 
results.  This  tube  had  the  aluminium  poles  within  1"°"  of 
each  oth^r  and  had  such  a  perfect  vacuum  that  sparks  gener- 
allv  preferred  10*^  in  air  to  passage  through  the  tube.  By 
using  potential  enough,  however,  the  discharge  from  an  ordi- 
nary KuhmkorfE  coil  could  be  forced  through.  The  resistance 
being  so  high  the  discharge  was  not  oscillatory  as  in  ordinary 
tubes  but  only  went  in  one  direction. 

In  this  tube  we  demonstrated  conclusively  that  the  main 
source  of  the  rays  was  a  minute  point  on  the  anode  nearest  to 
the  cathode.  At  times  a  minute  point  of  light  appeared  at 
this  point  but  not  always. 

Added  to  this  source  the  whole  of  the  anode  gave  out  a  few 
rays.     From  the  cathode  no  rays  whatever  came,  neither  were 
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there  any  from  the  glass  of  the  tube  where  the  cathode  rays 
struck  it  as  Rontgen  thought.  This. tube  as  a  source  of  rays 
far  exceeded  all  our  other  collection  of  Crookes'  tubes  and  gave 
the  plate  a  full  exposure  at  5  or  10*™  in  about  5  or  10 
minutes  with  a  slow-acting  coil  giving  only  about  4  sparks 
per  second. 

The  next  most  satisfactory  tube  had  aluminium  poles  with 
ends  about  3^  apart.  It  was  not  straight  but  had  three  balbs, 
the  poles  being  in  the  end  bulbs  and  the  passage  between  them 
being  rather  wide.  In  this  case  the  discharge  was  slightly 
oscillatory  but  more  electricity  went  one  way  than  the  other. 
Here  the  source  of  rays  was  two  points  in  the  tube,  a  little 
on  the  cathode  side  of  the  narrow  parts. 

In  the  other  tubes  there  seemed  to  be  diffuse  sources,  prob- 
ably due  in  part  to  the  oscillatory  discharge,  but  in  no  case  did 
the  cathode  rays  seem  to  have  anythmg  to  do  with  the 
Kontgen  rays.  Judging  from  the  first  two  most  definite  tubes 
the  source  of  the  rays  seems  to  be  more  connected  with  the 
anode  than  the  cathode,  and  in  both  of  the  tubes  the  rays 
came  from  where  the  discharge  from  the  anode  expanded  itself 
toward  the  cathode,  if  we  may  roughly  use  such  language. 

As  to  what  these  rays  are  it  is  too  early  to  even  guess.  That 
they  and  the  cathode  rays  are  destined  to  give  us  a  far  deeper 
insight  into  nature  nobody  can  doubt. 

Baltimore,  Feb.  20,  1896. 
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I.    Miscellaneous  Scientific  Intelligence. 

ZtOngitudinal  Light,  —  The  ezperiments  of  Lenabd  and 
7TGBN  have  awakened  great  interest  in  the  question  whether 
cathode  rays  indicate  a  periodic  movement  in  the  direction  of 
propagation  of  the  electro-magnetic  waves  sent  oat  from  the 
lode.     6.  Jaumann  states  that  he  is  the  first  to  maintain  that 

manifestations  of  cathode  rays  support  the  hypothesis  of 
ptudinal  waves.  He  calcalates  that  the  order  of  magnitude  of 
time  of  swing  of  the  cathode  rays  is  from  10~®  to  10~*  sec- 
s.  E.  Wiedemann,  on  the  supposition  that  the  cathode  rays 
A  manifestation  of  ultra  violet  light,  attributes  to  them  a  time  of 
'ation  of  from  10~'*  to  10"*  •  seconds.  Lenard  attributes  to 
rays  wave  lengths  of  the  order  of  magnitude  of  molecules, 
mann  reviews  the  experimental  evidence  in  favor  of  the 
othesis  of  longitudinal  waves  and  finds  it  of  great  weight, 
then  turns  to  the  equations  which  express  Maxwell's  electro- 
:netic  theory  of  light,  and  points  out  that  the  longitudinal 
e,  in  the  direction  of  the  movement  of  the  wave-point,  is  not 
resaed  by  these  equations,  and  that  they  do  not  embrace  the 
3omena  which  are  observed  in  rarified  gases.  On  the  suppo- 
»n,  however,  that  the  dielectric  constant  and  the  magnetic 
oeability  of  the  medium  change  in  value  during  the  instant  of 
)agation,  he  is  enabled  to  embrace  in  these  equations  the 
^thesis  of  longitudinal  waves.  The  paper  is  of  much  interest 
tew  of  the  late  development  of  the  subject  of  cathode  rays. 
nn.  der  Fhysik  und  Cnemie^  No.  1,  1896,  pp.  147-148. 

J.  T. 

The  Natural  History  of  Aquatic  Inaecte  :  by  L.  C.  Miall. 
idon  and  New  York,  1896.  Macmillan  A  Co.)  —  Professor 
II  here  gives  us  an  excellent  example  of  a  kind  of  work  too 
ly  seen,  the  popular  and  yet  strictly  scientific  treatise  on  nat- 

history.  The  short  introductory  chapter  treats  briefly  of 
e  essential  matters  relating  to  aquatic  insects  in  general,  such 
be  dominance  of  insects,  their  invasion  of  the  waters,  adapta- 

to  aquatic  conditions,  the  surface-film  of  water,  etc.  The 
of  the  book  is  devoted  to  descriptions  of  the  structure,  trans- 
lations, and  habits  of  a  series  of  typical  species  well  appor- 
ed  amon^  the  different  groups  of  insects.  Although  the 
ifcs  described  are  European,  they  are  so  closely  related  to 
th  American  forms  that  the  work  will  serve  as  a  guide  for  the 
3rican  student  almost  as  well  as  for  the  European.  The 
erous  illustrations  are  excellent.  s.  i.  s. 

Huxley  Memorial, — It  is  gratifying  to  learn  that  the  move- 
t  to  establish  a  permanent  memorial  to  the  late  Professor 
ley  has  met  with  marked  success.  The  committee  announced 
.  circular  dated  Dec.  21,  1895,  that  the  subscriptions  up  to 
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that  time  amounted  to  £1535.  It  is  to  be  hoped  that  the  scien- 
tifio  men  of  this  coantry  may  not  be  backward  in  doing  their 
share.  Donations  may  be  sent  to  the  treasurer,  Sir  J.  Lubbock, 
or  the  bankers,  Messrs.  Robarts,  Lubbock  &  Co.  (15  Lombard 
street,  London,  E.  C),  or  to  the  honorary  secretary,  Prof.  G.  B. 
Howes  (Royal  College  of  Science,  South  Kensington,  S.  W.).  It 
has  been  decided  that  the  memorial  shall  take  the  form  of  & 
statue,  to  be  placed  in  the  British  Museum  of  Natural  History, 
and  a  medal  in  connection  with  the  Royal  College  of  Science,  and 
that  the  surplus  be  devoted  to  the  furtherance  of  biological  sci- 
ence in  some  manner  to  be  hereafter  determined  by  the  committee, 
dependent  upon  the  amount  collected. 

OBITUARY. 

Charles  Wachsmuth  died  in  Burlington,  Iowa,  on  February 
Yth,  aged  sixty-seven.  Dr.  Wachsmuth  has  for  many  years  been 
working  on  the  classification  of  the  fossil  and  recent  Crinoidea 
and  is  well  known  to  all  paleontologists  by  the  admirable 
**  Revision  of  the  Palaeocrinoidea "  prepared  by  himself  and  his 
constant  friend  and  collaborateur,  Mr.  Frank  Springer  of  Las 
Vegas,  New  Mexico.  This  work  was  issued  in  parts  in  the  Pro- 
ceedings of  the  Academy  of  Natural  Sciences  in  Philadelphia; 
Part  f  appearing  in  1879,  Part  II  in  1881  and  Part  III,  '*A 
discussion  of  the  Classification  and  relations  of  the  Brachiate  Cri- 
noids  and  conclusion  of  the  generic  descriptions,''  in  1885  and 
1886.  At  the  time  of  his  death  the  authors  had  in  press  an  illus- 
trated monograph  on  '^The  North  American  Fossil  Crinoidea 
Camerata,"  which  is  being  published  by  the  Museum  of  Compara- 
tive Zoology,  Cambridge,  Mass.  In  a  letter  from  Mr.  Sprineer 
we  are  advised  that  all  correspondence  connected  with  the jpabli- 
cation  of  this  monograph  should  be  addressed  to  Mr.  Frank 
Springer,  Fast  Las  Vegas,  New  Mexico,  U.  S.  A. 

£•'  ERRATA. 

In  the  article  by  Prof.  A.  M.  Mayer  in  the  February  number,  1896. 

Page  83,  line  13  from  top.  for  2*12  road  2*35. 

Page  84,  line  2  from  top,  for  modulus  increased,  read  modulus  at  20*^  increaied. 

Pago  84  and  85,  for  Keyser  road  Kayser, 

Page  85,  line  4  from  bottom,  for  the  vibrations  read  the  UmgUiudinal  vlbratiooi. 

Page  93,  line  14  from  top,  for  2135  x  10*  read  2131  x  10*. 

Page  94,  for  moduls  of  glass  at  40°  road  748511034. 

Page  94,  under  St.  Gobain  glass  for  99*88  \  99*76 

99*76  I  ,    99*63 

99*53  I    ^^    99-30- 

99  30  J  99*07 

Page  103,  line  22  from  bottom,  for  renders  read  render. 
Page  103,  line  19  from  bottom,  for  would  have  given  read  gives. 
Page  103,  line  12  from  bottom,  for  equal  intensity,  read  eqiud  initial  inteoBitr. 
Page  104,  line  1 3  from  bottom,  for  rest  read  rests. 
Page  105,  lines  19  and  21  from  bottom,  for  from  read  between. 
Page  105,  line  17  from  bottom,  for  Fig.  4  read  Figure  (3). 
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XXIX. —  The  Morphology  of  Triarthrus ;    by  C.  E. 
Beecher.     (With  Plate  VIII.) 

►ST  of  the  recent  advances  in  the  knowledge  of  trilobite 
;nre  have  come  from  the  study  of  TriarthruB.  Since 
nt's  discovery  of  the  antennae,  and  its  annoancement  by 
lew  in  1803,  the  writer  has  published  a  series  of  papers 
le  detailed  structure  of  this  trilobite.  Much  time  has 
)een  spent  in  carefully  working  out  the  numerous  speci- 
from  the  abundant  material  in  the  Tale  Museum.  Alto- 
r  upwards  of  five  hundred  individuals  with  appendages 
or  less  complete  have  been  investigated  ;  and  at  the 
at  time,  it  may  safely  be  said  that  the  important  exoskel- 
3atnres  have  been  seen  and  described.* 
twithstanding  the  amount  of  information  regarding  the 
s  of  the  various  organs,  very  little  has  been  shown  illus- 
g  the  general  appearance  of  the  animal  with  the  append- 
m  a  natural  and  lifelike  position,  and  it  is  one  object  of 
resent  article  to  supply  this  deficiency, 
reral  specimens  have  been  lately  developed  which  pre- 
not  only  the  appendages  in  great  perfection,  but  also 
them  extended  and  disposed  in  a  very  lifelike  manner. 
ew  structural  points  are  here  brought  out,  yet  the  repre- 
ion  of  the  complete  animal  serves  as  a  summary  of 
it  knowledge,  and  also  gives  a  definite  picture  of  great 
ince    in   forming  a  conception  of  general  trilobite  mor- 

)  more  important  literature  relatinf;:  to  the  structure  of  the  genus  TriarihruM 
1  at  the  end  of  the  present  article ;  numbers  in  the  text  refer  to  this. 
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Art.  XXIX. — The  Morphology  of  Triarthrus ;    by  C.  E. 

Beecher.    (With  Plate  VIII.) 

Most  of  the  recent  advances  in  the  knowledge  of  trilobite 
structure  have  coine  from  the  study  of  Triay'ihrus,  Since 
Valiant's  discovery  of  the  antennae,  and  its  announcement  by 
Matthew  in  1893,  the  writer  has  published  a  series  of  papers 
on  the  detailed  structure  of  this  trilobite.  Much  time  has 
also  been  spent  in  carefully  working  out  the  numerous  speci- 
mens from  the  abundant  material  in  the  Tale  Museum.  Alto- 
gether upwards  of  five  hundred  individuals  with  appendages 
more  or  less  complete  have  been  investigated ;  and  at  the 
present  time,  it  may  safely  be  said  that  the  important  exoskel- 
etal  features  have  been  seen  and  described.* 

Notwithstanding  the  amount  of  information  regarding  the 
details  of  the  various  organs,  very  little  has  been  sliown  illus- 
trating the  general  appearance  of  the  animal  with  the  append- 
ages in  a  natural  and  lifelike  position,  and  it  is  one  object  of 
the  present  article  to  supply  this  deficiency. 

Several  specimens  have  been  lately  developed  which  pre- 
serve not  only  the  appendages  in  great  perfection,  but  also 
show  them  extended  and  disposed  in  a  very  lifelike  manner. 
No  new  structural  points  are  here  brought  out,  yet  the  repre- 
sentation of  the  complete  animal  serves  as  a  summary  of 
present  knowledge,  and  also  gives  a  definite  picture  of  great 
assistance  in  forming  a  conception  of  general  trilobite  mor- 
phology. 

*  The  more  importaDt  literature  relating  to  the  structure  of  the  genus  Triarihrus 
18  giTen  at  the  end  of  the  present  article ;  numbers  in  the  text  refer  to  this. 
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The  dorsal  view  represented  on  Plate  VIII  is  from  a  camera 
drawing  based  upon  three  specimens  of  about  the  same  size. 
One  gives  the  entire  series  of  legs  down  to  the  ninth  free  fig- 
ment, with  the  exception  of  the  exopodites  of  the  head,  whicn 
are  supplied  from  a  second  individual.  In  the  third  specimen, 
the  anterior  appendages  are  bent  and  irregularly  arranged, 
while  from  the  ninth  backward  to  the  end  of  the  pygidium 
they  are  complete  and  uniformly  extended.  The  figure  is, 
therefore,  a  restoration  only  in  so  far  as  representing  the  best 
portions  of  three  individuals. 

The  ventral  view,  Plate  VIII,  is  based  mainly  upon  two 
very  excellent  specimens.  One  was  figured  on  Plate  IV,  vol. 
XV,  of  the  American  Geologist^  and  another,  since  found, 
nearly  completes  the  ventral  aspect.  The  under  side  of  the 
head  and  pygidium  was  carefully  compared  with  all  the  avail- 
able material,  and  no  attempt  was  maae  to  supply  any  charac- 
ters except  as  to  the  exact  number  of  joints  in  the  endopodial 
cephalic  elements  and  the  precise  form  of  the  cephalic  exopo- 
dites, which  from  every  character  observed,  and  from  analogy 
with  similar  structures  elsewhere,  were  as  represented. 

So  many  specimens  preserve  the  appendages  in  the  position 
shown  in  the  tigures,  that  this  must  oe  recognized  as  natural 
and  one  likely  to  have  been  assumed  by  the  living  animal 
when  extended.  Few,  however,  show  the  details  of  the  limbs 
with  sufficient  clearness  to  enable  one  to  make  out  all  their 
joints,  and  more  minute  characters. 

In  comparison  with  what  is  now  known  of  the  appendages 
of  several  other  genera  of  trilobites,  especially  Trinu<d€U8* 
those  of  Trtarthrus  seem  to  have  been  exceptionally  long. 
On  this  point  Bernard,  in  a  letter  to  the  writer,  suggests  that 
^^TriarthniH  must  have  been  a  sort  of  'Daddv  Tonglegs' 
among  the  Trilobites,  as  Scutigera  is  among  the  Myriapoda." 
The  entire  length  of  a  thoracic  leg,  including  the  coxal  joint, 
is  nearly  equal  to  the  width  of  the  body  at  that  point,  and 
about  half  the  length  projects  beyond  the  pleura. 

The  limbs  of  the  head  diminish  in  length  forwards  until  the 
anterior  pair  scarcely  extends  bpyond  the  border  of  the  cephalon. 
The  anterior  thoracic  legs  are  the  longest,  and  there  is  a  grad- 
ual shortening  backward  in  the  series,  especially  noticeable  after 
passing  the  fifth,  those  at  the  extremity  of  the  pygidium  being 
about  one-ninth  the  length  of  the  first  thoracic  leg.  Their 
position  is  also  of  interest.  At  the  posterior  extremity  they 
point  almost  directlj'  backwards,  while  those  on  the  head  are 
directed  more  or  less  forwards.  Between  these  two  extremes, 
all  the  intermediate  positions  occur  in  regular  order. 

*  Structure  and  Appendages  of  Trinucleus,  C.  E.  Beecher.    This  Jounial,  yoL 
xlix,  April,  1895. 
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The  gnathobases,  or  coxopodites,  become  more  and  mord 
specialized  anteriorly,  growing  broader  and  having  their  inner 
edge  denticulate,  until  on  the  head  they  function  bs  true  man- 
ducatory organs.  The  second  pair,  however,  corresponding  to 
the  mandibles  of  higher  Crustacea,  has  not  become  clearly  dif- 
ferentiated from  the  rest  of  the  series,  and  apparently  has  not 
lost  the  exo-  and  endopodial  branches. 

Few  changes  of  importance  can  be  traced  in  the  exopodites, 
though  the  latter  are  considerably  reduced  in  size  on  the  ceph- 
ilon.  Over  the  anterior  half  of  the  thorax,  they  functioned  as 
vigorous  paddles,  and  on  the  pygidium  their  length  and  compact 
irrangement  made  them  overlap  each  other,  thus  producing 
two  broad  flaps,  or  tin  like  organs.  The  conclusion  cannot  be 
ivoided  that  Triarthrvs  must  have  been  an  active  creature, 
ind  with  its  rows  of  endopodites  and  exopodites  it  was  as  fully 
equipped  as  the  bircme  in  classic  navigation.  The  form  of  the 
mimal  and  the  multiplicity  of  locomotor  organs  were  well 
idapted  for  rapid  motion  either  along  the  sea-bottom  or  through 
the  water. 

The  youngest  and  most  immature  limbs  are  on  the  pygidium, 
ind  in  a  young  trilobite  they  are  very  much  like  those  in  the 
larval  Apus^  and  are  typically  phyllopodiform.  According  to 
the  law  of  morphogenesis,  these  limbs  may  be  taken  as  of  phylo- 
yenetic  value  and  indicative  of  the  primitive  type  of  limb 
Jtrncture. 

The  whole  series  of  endopodites  anterior  to  the  last  two  or 
three  show  modifications  from  the  phyllopodons  type,  the 
change  involving  progressively  from  one  to  all  of  the  endites. 
The  endopodites  of  the  pygidium  have  a  true  phyllopodiform 
Jtructure,  and  are  composed  of  broad  leaf-like  joints,  wider 
than  long.  This  character  is  gradually  lost  in  passing  ante- 
riorly, the  distal  endites  being  the  ones  first  affected.  By  the 
;ime  the  anterior  pygidial  limb  is  reached,  the  three  distal  joints 
ire  longitudinally  cylindrical.  The  ninth  thoracic  endopodite 
ihows  a  fourth  endite  becoming  cylindrical,  and  on  the  first 
ind  second  thoracic  legs  even  the  proximal  ones  are  thus  modi- 
5ed,  making  all  the  endites  of  tlie^e  limbs  slender  in  form. 

This  gradual  modification  of  a  phjllopodiform  swimming 
member  into  a  long,  jointed,  cylindrical,  crawling  leg  deserves 
more  than  passing  notice,  for  here,  probably,  better  than  in  any 
known  recent  form  can  the  process  and  its  significance  be 
studied.  No  living  type  of  crustacean  more  nearly  conforms 
to  the  theoretical  archetype  of  the  class  than  do  the  trilobites, 
and  as  Triarthr^is  belongs  to  an  ancient  Cambrian  family,  it 
may  be  expected  to  retain  very  primitive  characters. 

In  this  genus  several  causes  evidently  influenced  the  modifi- 
cation of  the  appendages.     First  may  be  mentioned  thespeciali- 
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zation  into  oral  organs  of  the  gnathobases  of  the  head,  which 
would  tend  toward  a  reduction  of  the  other  portions  of  the 
limbs.  Next,  the  assumption  of  a  walking  habit  would  gradu- 
ally lead  to  a  corresponding  adaptation  of  the  anterior  thoracic 
endopodites,  this  region  of  the  body  being  naturally  the  place 
where  they  would  be  most  operative.  Lastly,  any  tendency  to 
change  the  form  of  the  anterior  limbs  would  be  accelerated 
through  the  greater  number  of  moults  they  undergo  as  com- 
pared with  the  abdominal  appendages. 

Since  the  anal  segment  of  Crustacea  contains  the  formative 
elements  out  of  which  all  the  trunk  segments  are  successively 
developed,  it  may  be  considered  as  the  same  segment  in  all 
Crustacea,  no  matter  how  many  nor  what  kinds  of  segments 
may  intervene  between  it  and  the  head.  The  youngest  seg- 
ment, therefore,  is  always  in  the  budding  zone,  just  in  front  of 
the  telson,  or  terminal  somite,  and  those  further  anterior  and 
more  differentiated  are  older.  This  sequential  order  in  the 
age  of  the  segments  and  appendages  may  be  greatly  obscured 
in  higher  forms,  so  that,  as  in  the  Thoracostraca,  the  last  pair 
of  plcopods,  forming  with  the  telson  the  caudal  tin,  appears  at 
an  early  stage  of  the  ontogeny.  In  such  cases,  as  Lang  says, 
"the  grade  of  development  and  physiological  importance  oi  a 
section  of  the  body  or  of  a  pair  of  limbs  in  the  adult  animal 
may  be  recognized  by  the  earlier  or  later  appearance  of  their 
rudiments."* 

In   Trlarthrus^  these  disturbing  factors  are  hardly  to  be 
recognized,  for  no  pair  of  limbs  had  an  excessive  physiological 
importance  over  any  other  pair  or  series  of  pairs,  and  increase 
progressed  regularly  by  the  addition  of  new  members  in  front 
of  the  anal  segment.     The  pygidium  being  formed  of  fused 
segments  accommodated  itself  to  this  kind  of  growth  by  push- 
ing forward  the  series  of  limbs  and  by  the  formation  of  a  new 
free  segment  at  the  posterior  end  of  the  thorax.     This  process 
of  metameric  growth  continued  from  the  protaspis  stage  with 
no  free  thoracic  segments,  and  successively  added  segment  after 
segment  with  corresponding  moults,  until  the  full  complement 
was   reached,   after  which   the   moulting  resulted    mainly  in 
increase  in  size.     The  repetition  of  moults  afforded  the  chief 
means  by  which   modifications  in   the  appendages  could  be 
brought  about. 

The  earliest  protaspis  stage  shows,  from  the  segmentation  of 
the  axis,  that  there  were  present  live  pairs  of  appendages  on 
the  head  and  two  on  the  pygidium.*  The  adult  animal  has 
thirteen  or  fourteen  free  thoracic  segments  and  six  pygidial.f 

*  Text-Book  of  Comparative  Anatomy,  EDglish  edition  (Bernard),  p.  410. 
f  A.  few  individuala  of  this  species  (7.  Becki)  have  been  observed  with  one  or 
two  additional  thoracic  segments.     Walcott." 
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Now,  80  far  as  is  known  of  trilobite  ontogeny,  there  wa« 
never  more  than  one  segment  added  at  a  single  moult,  though 
there  is  no  evidence  that  there  may  not  have  been  more  moults 
than  segments  between  the  protaspis  stage  and  the  finished 
segmentation.  In  Triarthrxis^  the  average  full  number  of  seg- 
ments was  attained  by  the  time  the  animal  reached  a  length  of 
about  7°"°.  So  that  the  limbs  of  the  anterior  thoracic  segment  in 
an  individual  7"™  in  length,  and  containing  the  full  comple- 
ment of  fourteen  free  and  six  pygidial  segments,  must  have 
undergone  at  least  seventeen  moults.  The  second  thoracic  seg- 
ment, therefore,  at  this  stage  of  growth  would  have  been 
moulted  sixteen  times,  the  fifth  thirteen  times,  the  tenth  eight 
times,^  and  the  fourteenth  four  times.  The  length  of  full- 
grown  individuals  is  from  25  to  40°^°^,  and  to  have  reached  this 
size  a  considerable  number  of  additional  moults  must  have 
occurred,  in  which  all  the  segments  participated  alike. 

Some  mention  should  be  made  of  the  probable  method  of 
respiration  of  Triarthrus.  !No  traces  of  any  special  organs 
for  this  purpose  have  been  found  in  this  genus,  and  their 
former  existence  is  very  doubtful,  especially  in  view  of  the 
perfection  of  details  preserved  in  various  parts  of  the  animal. 

The  delicacy  of  tne  appendages  and  ventral  membrane  of 
trilobites  and  their  rarity  of  preservation  are  sufficient  demon- 
stration that  these  portions  of  the  outer  integument  were  of 
extreme  thinness,  and  therefore  perfectly  capable  of  perform- 
ing the  function  of  respiration.  Similar  conditions  occur  in 
most  of  the  Ostracoda  and  Copepoda,  and  also  in  many  of  the 
Cladocera  and  Cirrepedia,  where  no  special  respiratory  organs 
are  developed. 

The  fringes  on  the  exoppdites  in  Triarthrua  and  Trinucleus 
are  made  up  of  narrow,  oblique,  lamellar  elements  becoming 
filiform  at  the  ends.  Thus,  they  presented  a  large  surface  to 
the  external  medium,  and  partook  of  the  nature  of  gills.  But, 
as  Gegenbaur  says,  "  the  functions  of  respiration  and  of  loco- 
motion are  often  so  closely  united  that  it  is  difficult  to  say 
whether  certain  forms  of  these  appendages  should  be  regarded 
as  gills,  or  feet,  or  both  combined."*  For  purposes  oi  loco- 
motion, the  limbs  of  the  cephalon  and  pygidium  were  of  feeble 
assistance  compared  with  those  on  the  thorax,  and  in  the  higher 
Crustacea,  these  two  regions  are  the  ones  where  the  greatest 
branchial  specialization  takes  place. 

Yale  Museum,  New  Haven,  Ct,  February  24th,  1896. 

*  Elements  of  Comparative  Anatomy,  English  edition  (Bell   and  Lankester), 
p.  241. 
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Explanation  op  Plate. 

FiauBE  1.  —  THarthrus  Becki  Green;    dorsal   view;    showing   character 
extent  of  antennules  and  limbs  beyond  the  carapace,      x  2j. 

Figure  2. — Triarthrus  Becki  Green;  ventral  view;  showing  entire  series  of 
appendages,  together  with  hypostoma,  metastoma,  and  anal  opening. 
x2f 

Utica  Slate,  Ordovidanj  near  Rome,  New  York, 
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Art.  XXX. — An  examination  of  the  arguments  given  hy 
Hexjmayb,  for  the  existence  of  climatic  zones  in  Jurassic 
times;  by  Arnold  E.  Ortmann. 

In  a  recent  publication  (Principles  of  marine  Zoogeography)* 
the  present  writer  incidentally  indicated  the  reasons  why  Neu- 
mayr's  theory  of  climatic  zones  in  the  Jurassic  period  cannot 
be  accepted  as  correct.  It  may  be  allowed  to  enter  into  details 
in  the  present  article,  since  my  views  differ  so  widely  from 
these  of  Neumayr,  and  especially  since  many  prominent  geolo 
gists  have  adopted  his  views  more  or  less  completely. 

It  is  very  important  to  examine  closely  the  arguments  of 
Neumayr  himself  and  his  defense  against  the  objections  made 
by  other  scientists.  Although  the  arguments  are  collected  in  a 
special  paper  (1883),  the  detailed  palseontological  investiga- 
tions and  the  conclusions  derived  from  particular  cases  are 
scattered  through  a  large  number  of  publications,  and  there- 
fore it  would  be  perhaps  desirable  to  give  here  a  list  of  the 
papers  referred  to. 

1871.     Jnrastudien,    6.     Der   penninische     Klippenzug. — Jahrb. 
K.  K.  Geol.  Reichsanstalt,  vol.  xxi,  p.  503-526. 

1876.  Die  Ornatenthone  von  Tschulkowo  and  die  Stellnns^  des 
russischen  Jura. — Benecke's  geogn.  palaeont.  Beitrsege  II. 

1877.  Beraerkungen    ttber  den  russischen  Jura. — Neues  Jahrb. 
Min.  Geol.  Pal.  1877. 

1883.     Ueber  Klimatische  Zonen  w»brend  der  Jura — und  Kreide- 
periode. — Denkschr.  K.  K.  Akad.  Wiss.  Wien.,  vol.  xlvii. 

1886.  Die  geograpbische  Verbreitung  der  Juraformation. — ibid., 
vol.  1. 

1887.  Ueber  die  Beziehun gen  zwirchen  der  russichen  und    west- 
europaischen  Juraformation. — Neues  Jahrb.  etc.  1887,  l.f 

1890.     Kritiscbe  Bemerkungen  ueber  die  Verbreitung  des  Jura. — 

ibid.  1890,  1. 
1890.     Erdgeschichte,  vol.  II. 

The  supposition,  that  in  the  Jurassic  time  climatic  zones 
were  developed,  on  the  earth,  was  first  made  by  Marcon,  but  it 
attracted  no  attention  until  Neumayr  attempted  to  prove  this 
theory  by  palaeontological  and  geological  evidence.  The  dem- 
onstration given  by  him  proceeds  in  the  following  manner. 

He  investigated  the  different  faunas,  especially  of  the  mid- 
dle and  upper  Jura  in  the  different  localities  of  Europe,  and 

*  Grundzuge  der  marinen  Tiergeographie,  Jena,  ]  896,  p.  62.  63. 
f  This  is  a  replj  to  a  paper  under  the  same  heading  published  by  Nikitin  in 
1886  in  the  same  periodical 
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discovered,  mostly  in  the  groups  of  cephalopods,  certain  pecn- 
liai'ities  of  distribution,  consisting  chiefly  in  the  presence  of 
certain  genera  {Phylloceras^  Lyioceras^  Simoceras)  in  the 
southern  JEuropean  deposits,  bat  wanting  or  represented  only 
rarely  in  the  deposits  of  the  other  parts  of  Europe.  The 
northern  boundary  of  this  southern  province,  the  Mediterra- 
nean, follows,  generally  speaking,  the  course  of  the  Alps  and 
Carpathian  mountains.  In  the  other  parts  of  Europe,  the 
Jurassic  deposits  of  England,  France,  Germany,  Poland,  show 
further  dinerences  from  those  of  Russia ;  the  former,  the  Mid- 
dle-European province,  possesses  peculiar  cephalopod-genera, 
such  as  Uppelia^'Asjndoceras^  while  in  the  latter,  tne  Kussian 
province,  these  are  nearly  wanting  and  other  animals  are  here 
abundantly  developed,  such  as  species  of  the  group  of  Belemr 
niies  exceiiiricus^  and  of  the  Lamellibranchiate-genu8.-4wcefla. 

Neumayr  resolved  to  investigate  the  causes  of  these  appar- 
ent faunistic  differences  of  strata  formed  at  the  same  times, 
and  his  considerations  are  the  following.  Such  differences 
may  be  due  either  to  topographical  causes,  such  as  separation 
of  the  relative  basins  by  laud,  or  as  differences  of  facies  or 
depth  of  the  sea;  or  they  may  be  due  to  climatic  causes. 
Believing  further,  to  have  demonstrated  the  impossibility  of 
the  action  of  such  topographical  causes  as  named,  he  concludes 
that  the  only  remaining  way  for  explaining  the  existing 
differences  is  by  supposing  that  climatic  differences  of  the  sea 
are  responsible  for  them.  This  supposition  is  strengthened, 
according  to  him,  by  the  situation  of  these  "  provinces,"  being 
limited  each  to  a  circumpolar  zone  around  the  earth. 

An  investigation  of  Neumayr's  views  is  therefore  divided 
conveniently  into  three  separate  parts:  1.  An  examination, 
whether  differences  of  the  faunas  are  really  present ;  2.  Aa 
examination,  whether  the  proofs  given  for  the  impossibility  of 
the  action  of  topographical  causes  are  suflScient ;  3.  An  exam- 
ination, whether  the  circumpolar  zones  are  confirmed  in  a  sat- 
isfactory manner. 

But,  before  this,  we  have  to  decide  a  preliminary  question : 
whether  the  groups  of  animals  investigated  by  Neumayr  give 
us  a  guarantee  that  their  distribution  is  able  at  all  to  indicate 
climatic  differences.  Further,  in  conclusion,  we  will  demon- 
strate that  many  additional  objections  can  be  made  to  tbe 
climatic  zones,  of  the  Jura,  even  if  their  existence  is  supposed 
to  be  granted. 

I.  The  group  of  animals,  the  fossil  remains  of  which  are 
most  especially  studied  by  Neumayr,  and  from  the  distribution 
of  which  his  arguments  are  taken,  is  that  of  the  Ammonites. 
This  group   is  extinct   in   the  recent   seas;   the   now  living 
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antilns  only  is  in  some  way  related  to  it,  bat  we  have  reason 
suppose  that  the  habits  of  the  Ammonites  were  generally 
e  same  as  in  Nantilns.  From  the  latter  animal  recently  J. 
alther*  has  inferred  a  peculiar  fact  in  regard  to  the 
mmonites,  namely  that  the  living  animals  were  restricted  in 
eir  distribution  to  narrow  limits  within  the  littoral  district  of 
e  sea,  but  that  after  the  death  of  the  animal  the  empty 
ell,  provided  with  air  chambers,  rose  to  the  surface  of  the 
%  and  was  transported  by  wind  and  currents.  Thus  the 
ells  were  dispersed  all  over  the  earth  and  were  deposited  as 
ssils  in  parts  where  the  living  animal  did  not  exist.  Accord- 
g  to  this  pecnliarity,  he  says  that  the  Ammonites  are  true 
maracteristic   fossils,"  as   they   are   to  be  found   in  all  the 

?o6it8  of  the  same  time  on  the  whole  earth, 
'his  supposition  is  without  any  proper  foundation,  even  in 
se  the  Ammonites  possessed  the  same  habits  as  Nautilus, 
le  living  Nautilus  is  not  restricted  to  a  limited  range,  as 
pposed  by  Walther  (1.  c.  p.  513.)  It  is  true,  the  living 
imal  has  been  found  up  to  the  present  time  only  in  a  few 
3alities,  but  even  these  localities,  scattered  in  the  Pacific 
5ean,t  indicate  a  more  extensive  distribution  within  this 
sa,  and  I  may  add,  that  I  have  ample  reason  for  believing 
at  the  living  Nautilus  is  also  an  inhabitant  of  the  eastern 
ast  of  Africa.:^  This  distribution  would  not  be  strange;  on 
e  contrary,  the  range  of  Nautilus  would  be  in  accordance 
th  that  of  the  other  animals  belonging  to  the  littoral  Indo- 
icific  fauna.  Further,  the  empty  shells  of  Nautilus  occur  only 
the  Indo-Pacific  Ocean,  the  statement  made  by  Walther 
c.  p.  513),  that  their  distribution  is  an  universal  one,  being 
correct,  and  thus  the  distribution  of  the  shells  does  not 
2upy  a  wider  area  than  that  of  the  living  animal.     On  the 

'  EioleituDg  in  die  Greologie  als  historische  WisseDSchaft  II.  Lebensweise  der 
erestiere  1893,  p.  509ff. 

For  iDstaoce :  Amboina,  New  Guinea,  New  Hebrides,  New  Caledonia,  Fiji 
indA. 

During  my  staj  on  the  east  coast  of  Africa  I  collected  positive  informntion 
ut  the  existence  of  living  Nautilus  near  the  harbor  of  Dar-es-Salaam.  I  was 
WD  two  verj  fresh  specimens  of  the  shell,  and  the  owner  of  one  of  them  told 

without  being  asked,  that  he  found  the  shell  on  the  beach  after  a  high  tide 
h  an  animal  inside,  which  he  had  much  difficulty  in  extracting.  Hearing  from 
that  the  animal  was  a  very  valuable  one,  he  was  sorry  not  to  have  preserved 
ind  farther  on,  he  spent  his  leisure  time  in  search  for  another  specimen,  and 
t  without  my  knowledge,  apparently  intending  to  sell  it  to  me  if  possible. 

was  not  successful.  I  trust  wholly  in  the  correctness  of  his  information,  as  I 
sived  others  from  him  regarding  zoological  objects  which  proved  to  be  trust- 
rthy.  Later  on  I  found  out  that  the  animal  is  generally  known  among  the 
:ro  fishermen  living  on  the  beach.  According  to  their  own  words,  it  lives 
isiwani,"  (**  among  the  islands,"  situated  off  the  coast),  and  in  "maji  mingi  " 
leep  water,"  for  the  coast-negro  10  to  20  fathoms  are '^  deep  water").  The 
ziaJ  is  not  rarely  captured  by  them,  but  it  is  always  thrown  away  as  of  no  use 
Uiem. 
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other  hand,  if  the  alleged  transportation  of  the  empty  sheik 
of  the  Ammonites  over  the  seas  should  be  correct,  we  onght 
to  observe  actually  a  world-wide  distribution  of  the  fossil 
Ammonite  species,  but  this  is  not  the  case.  Some  species 
indeed  are  found  in  the  same  zone  all  over  the  European  Jora, 
and  some  of  them  are  found  even  in  extra-European  localities, 
but  this  fact  can  never  be  a  proof  of  the  universal  distribution 
of  the  Ammonites  in  general.  On  the  contrary,  most  of  the 
species  are  found  only  in  limited  localities  and  almost  every 
locality  has  its  peculiar  species.  Whoever  is  occupied  in 
determining  the  different  species  of  Ammonites  and  is 
familiar  with  the  systematic  diversity  of  this  group,  ought  to 
know  the  local  restriction  of  most  of  the  species.* 

Neumayr,  on  the  contrary,  is  inclined  to  regard  the  Ammon- 
ites as  animals  swimming  on  the  surface  of  the  sea,  as  belong- 
ing to  the  pelagic  fauna  (see  Erdgeschichte,  1890,  p.  270). 
It  seems  that  he  was  not  aware  that  this  supposition  is  very 
dangerous  to  his  theory.  I  do  not  want  to  deny  that  the 
possibility  must  be  granted,  that  perhaps  some  species  or 
genera  of  Ammonites  belonged  to  the  pelagic  fauna,  as  well  as 
that  some  of  them  lived  perhaps  in  abyssal  depths  of  the  sea; 
but  by  the  actual  distribution  of  these  fossils  I  am  convinced 
that  by  far  the  greatest  number  of  Ammonites  lived  as 
benthonic  animals  in  the  moderate  depth  of  the  littoral,  and  in 
this  point  I  agree  with  Walther  (1.  c.  p.  515).  But  further  I  am 
convinced  that  they  lived  even  in  these  places  where  now  their 
shells  are  found  in  the  fossil  state.  It  may  be  that  the  empty 
shells  could  be  transported  in  the  manner  mentioned,  but  sorfi 
a  transportation  could  not  take  place  over  large  tracts  of  the 
seas,  and  could  not  be  the  normal  condition  of  things ;  other- 
wise the  actual  distribution  of  the  species  of  Ammonites 
would  be  entirely  different. 

From  the  foregoing  considerations  we  have  to  conclude  that 
the  Ammonites  can  furnish  us  with  sure  evidence  for  the 
existence  of  faunistic  differences,  as  Neumayr  has  indicated. 

I  have  still  to  make  some  remarks  on  the  Reef-corals 
alluded  to  now  and  then  by  Neumayr.  Contrary  to  the 
Ammonites,  he  tries  to  abate  the  value  of  the  proof  given  by 
the  Reef-corals  in  regard  to  the  former  climatic  conditions. 
Generally  we  are  wont  to  conclude  from  the  recent  exclusive 
distribution  of  the  Reef-corals  in  the  tropical  seas,  that  the 
fossil  Reef -corals  also  lived  in  seas  of  a  tropical  climate. 
^Neumayr,  however,  urges  on  several  occasions  that  we  have  no 
sufficient   reason   for   so   doing,   since   Reef -corals   may  have 

•Already  Tornquist  (Fragmente  einer  Oxford  fauna  von  Mtaru.~.Tahrb.  Himb. 
Wiss.  Anst.  X.  2,  1893,  p.  24)  calls  Walther's  hypothesis  an  *'  inoompreheosible" 
one. 
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\ 
ed  in  former  times  in  cooler  water.  In  this  point,  I  believe,  \ 
mmayr's  view  is  incorrect.  We  are  justified  in  supposing 
it  animals  living  in  cooler  water  are  to  be  traced  back  to 
3h  ones  living  ih  the  tropics  in  former  times,  that  is  to  say, 
8  adaptation  to  a  cooler  climate  is  a  more  recent  acquisition, 
it  it  is  very  improbable  that  animals  living  originally  in 
3ler  water  migrated  back  into  the  tropics,  because  they 
luld  find  there  a  most  dangerous  concurrence  in  the  struggle 

life  by  the  well  adapted  tropical  fauna,  while  they  them- 
ves  were  not  so  well  fitted  for  the  tropical  conditions, 
lerefore  the  stenotherm  Reef-corals  living  nowadays  exclu- 
ely  in  the  tropics  and  showing  no  traces  of  existence  in  the 
>ler  seas,  were  most  probably  stenothern^  tropical  animals 
o  in  former  times.  If  in  any  groups  of  animals,  we  have 
rely  in  the  Reef-corals  sufficient  reason  for  arguing  from  the 
:ent  conditions  to  the  former  ones  ;  especially  is  this  the  case 

the  Mesozoic  corals,  since  these  are  the  direct  ancestors  of 
3  Tertiary  and  recent  corals. 

II.  The  palseontological  foundations  of  Neumayr's  theory,, 
cen  principally  from  the  Ammonites,  are  the  following : 
le  Mediterranean  province  is  characterized  by  the  most 
neral  and  frequent  presence  of  the  genera  PhyUocercbs^ 
ftoceraSy  and  Simoceras  in  all  the  cephalopod-beds,  and  a 
ry  peculiar  deposit  of  this  province  are  the  Aptychus-beds. 
>th  the  genera  just  mentioned  and  the  Aptychus-beds  are 
her  very  rare  or  wholly  wanting  in  the  Middle-European 
ovince.  The  latter,  however,  shows  often  a  local  develop- 
mt  of  Sponge-fields  and  Coral-reefs,  connected  with  the 
ondance  of  certain  gasteropods,  such  as  Nerinea,  On  the 
ler  hand  the  genera  Oppelia^  Peltoceras^  Asvidoceras^  very 
iquent  in  middle  Europe,  are  very  rare  in  the  Russian 
Dvince  and  the  same  is  the  case  in  the  Reef  corals.  In  the 
ter  province  again  the  genus  Cardioceras^  the  group  of 
Uetnnites  excentricus^  and  certain  bivalves,  such  as  AuceUa 
.ucella-beds),  prevail. 

These  differences  cannot  be  overlooked.  Nikitin,  indeed, 
«mpted  to  reduce  these  differences  for  the  Russian  Jura,  and 
Bome  instances,  for  example  as  regards  the  genus  Cardio- 
•aSj  he  is  right  (1.  c  1886,  p.  232) ;  but  his  statement,  that 
3re  prevails  an  equal  fauna  throughout  the  Russian  and 
est-European  Jura  is  at  least  an  exaggeration.  According  to 
3  lists  of  fossils  given  by  him,  the  differences  mentioned  by 
^amayr  are  certainly  present.  On  the  other  hand,  Nikitin 
>ved  the  existence  oi  Reef-corals  in  the  Russian  province, 
j  although  these  corals  occur  only  in  a  few  localities,  and 
bongh  Nenmayr  does  not  notice  properly  this  point  in  his 
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reply  to  Nitikin's  objections,  re^rding  the  presence  of  these 
animals  as  not  conclusive,  we  must  regard  this  point  as  verj 
important,  as  we  shall  see  below. 

III.  Neumayr  continues  in  his  argument  by  attempting  to 
prove  that  these  faunistic  differences  cannot  be  due  to  topo- 
graphical causes.  First  he  says  that  these  three  provinces 
could  not  be  separated  from  each  other  by  land.  This  relates 
especially  to  the  limits  between  the  Mediterranean  and  Middle- 
European  provinces,  while  for  the  Middle-European  and 
Russian  provinces  it  was  only  partially  the  case.  In  the  latter, 
at  the  formation  of  the  Callovien-beds,  first  there  was  an  open 
communication  of  the  seas,  later,  after  the  Oxford-group,  the 
Russian  basin  was  closed  on  the  west.  We  make  no  objection 
to  this  part  of  Neumayr's  views. 

Further  Neumayr  says  that  a  second  cause  of  a  separation 
can  be  found  in  the  different  depths  of  the  respective  seas. 
Between  the  Middle-European  and  the  Russian  seas  such  differ- 
ences are  out  of  the  question,  because  both  were  seas  of 
shallow  water.  Between  the  Middle-European  and  Mediter- 
ranean provinces,  however,  differences  of  depth  were  certainly 
present.  At  least  as  regards  the  AptychiisAxme^tone^  it  is 
sure  and  generally  accepted,  that  these  peculiar  deposits  were 
formed  in  deep  water,  and  further,  Neumayr  himself  concedes 
that  such  a  supposition  has  a  "certain  probability  "  (1871,  p. 
523)  also  for  the  subcarpathian  and  subalpine  localities 
showing  the  peculiar  Cephalopod-beds  of  the  Mediterranean 
Jura,  since  the  situation  of  the  latter  is  an  intermediate  one 
between  the  Aptychus-beds  on  the  one  side  and  the  Middle- 
European  deposits  on  the  other  "formed  in  considerably 
shallower  water."  In  spite  of  this,  he  believes  that  this  sup- 
position is  not  justified,  since  in  some  localities  on  the  northern 
border  of  the  Mediterranean  province,  especially  near  Stram- 
berg  in  Moravia,  w^here  the  Coral-reef  facies  prevails,  among 
the  Ammonites  the  typical  Mediterranean  genera,  PhyHocera^ 
and  Lytocerasy  predominate.  Therefore  he  concludes  (1871, 
p.  524) :  because  on  certain  localities  on  the  northern  border 
of  the  Mediterranean  province  corals  are  found  in  Ceplialopod- 
beds,  differences  in  depth  of  the  sea  cannot  be  the  cause  of  the 
faunistic  differences  of  the  Mediterranean  and  Middle-Euro- 
pean Cephalopod-beds. 

This  conclusion  is  incorrect.  From  the  condition  of  the 
Straraberg-strata  we  learn  only,  that  there  is  a  mixture  of  the 
Coral-facies  and  the  Mediterranean  Cephalopod-facies.*    Neu- 

•Mojsisovics  stared  once  (Verhandl.  K.  K.  geol.  Reichsanst,  1867,  p.  187, 1868, 
p.  127  and  438)  that  even  in  this  locality  the  Cephalopod-beds  and  the  Sponge 
and  Coral-beda  are  not  mixed  up,  but  that  the  former  underlie  the  latter.    Bui 
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mayr  gives  no  explanation  of  this  peculiar  mixture.  Ke^rd- 
ing,  however,  the  local  position  of  these  beds,  quoted  by 
himself,  on  the  narrow  limits  between  the  Middle-European 
and  Mediterranean  Jura,  that  is  to  say,  between  the  deposits 
formed  in  shallow  water  and  those  formed  in  deeper  water 
(Aptychus-beds),  we  must  assume  undeniably  that  in  this 
region  in  question  the  precipice  of  the  sea  bottom  must  have 
been  situated  :  a  Jurassic  Continental  harder  must  have  been 
present  there!  Then  there  are  only  three  cases  possible. 
Either  the  Mediterranean  Cephalopod-f acies  is  present  there  in 
shallow  water,  as  Neumayr  seems  to  suppose.  Or  the  Coral- 
reefs  grew  there  in  deep  water,  which  is  very  hard  to  believe. 
Or  there  was  present  a  third  condition,  namely,  the  Cephalo- 
pod-beds  of  Stramberg  were  deposited  like  the  other  Cephalo- 
pod-beds  of  the  Mediterranean  province  in  deep  water,  but 
the  corals  and  other  fossils  indicating  shallow  water  did  not 
live  there,  but  were  transported  thither.  Such  an  occurrence 
can  be  imagined  the  easier,  since  these  beds  are  situated  on  the 
continental  border,  and  if  the  precipice  of  the  sea  bottom  was 
a  steep  one.  Coral-fragments  from  the  Coral-reefs  living  in  an 
upper  level,  and  specimens  of  the  other  shallow-water-fauna 
could  roll  down  to  the  bottom  situated  in  a  lower  level  and 
could  be  deposited  in  the  Cephalopod-beds  formed  there. 
That  such  conditions  were  actually  present  in  that  locality  is 
confirmed  by  the  petrographic  nature  of  the  Stramberg-lime- 
stone,  as  described  by  Bohm  (1.  c.  660).  According  to  him  this 
limestone  often  may  be  called  a  breccia,  and,  indeed,  respecting 
one  place  he  says :  "  Angular,  larger  or  smaller  fragments  of  a 
light  gray  limestone  are  embedded  here  in  a  dark  gray  to 
pitch  black  matrix.  The  light  gray  limestone  is  filled  with 
Corals^'^  {^^  ist  von  Korallen  fcermlich  durchspickt.")  * 

We  need  no  more  evidence  for  the  supposition  made  here. 
The  conditions  of  the  Stramberg-beds,  quoted  by  Neumayr  as 
adverse  to  the  theory  of  a  formation  of  the  Middle-European 
and  Mediterranean  Cephalopod-deposits  in  different  depths  of 
the  sea,  prove  to  be  a  support  of  this  theory  when  we  consider 
the  situation  of  these  beds  and  their  petrographic  character. 

Besides  there  is  a  third  topographical  cause,  which  may  be 
held  responsible  for  differences  of  faunas  deposited  at  the 
same  time:  the  different  characters  of  the  facies.  Neumayr 
alludes  to  this  point  only  incidentally,  and  generally  he  passes 
over  it  without  giving  it  due  consideration.  Concerning  the 
Mediterranean    and    Middle     European    provinces    he    says 

tbia  fact  lacks  coufirmation.     According:  to  Bohm  (Die  Bivalven  der  Stramborger 
Sdiichteo.  — PalsoDtograpbica,  Suppl.  II.  4.  1883  p.  660-662)  the  different  faunas 
are  really  found  in  the  same  rocks. 
*  The  italics  arc  mine. 
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directly  (1871,  p.  521),  that  there  are  present  palseontolo^cal 
differences  between  deposits  of  both  "  with  the  development 
of  facies  and  conditions  of  formation  apparently  in  complete 
agreement"  ("bei  offenbar  eanz  iibereinstimmender  Facies- 
entwicklung  and  Bildungsvernaltnissen  ").  The  facies  of  these 
two  provinces  are,  according  to  him,  "apparently  "  the  same, 
but  he  does  not  give  any  proof  for  it.  It  is  true,  limestone- 
facies  prevail  in  both,  and  it  may  be  that  Neumayr  thought  of 
this  fact.  There  is,  however,  no  doubt  that  all  the  known 
limestone-deposits  were  not  formed  under  the  same  condi- 
tions; the  Coral-limestones  and  the  Cephalopod-limestones  of 
the  Middle-European  province  are  certainly  different  facies; 
the  A ptych US-limestone  of  the  Mediterranean  province  is 
characterized  by  its  petrographic  nature  (Hornstone  lime- 
stone) due  to  the  presence  of  silicious  matter,  and  the  Ceph- 
alopod-limestones of  the  latter  province  are  also  probably 
different.  It  is  well  known. that  all  these  deposits  are  differ- 
ent petrographically,  and  after  a  more  close,  especially  micro- 
scopical examination,  we  will  be,  perhaps,  enabled  to  find  out 
the  causes  of  their  differences. 

Yet  we  do  not  need  much  to  urge  these  differences  in  these 
two  provinces,  as  we  saw  above  that  the  main  differences  are 

fiven  by  the  different  depths  of  the  respective  seas.  To 
istinguish  the  Middle-European  and  Russian  provinces, 
however,  we  have  to  direct  more  attention  to  the  facies.  The 
differences  of  the  facies  in  the  two  latter  provinces  are  wholly 
neglected  by  Neumayr,  although  they  were  pointed  out  most 
vigorously  by  Lahnsen  *  and  Nikitin. 

It  was  a  well  known  fact,  even  to  Neumayr,  that  in  the 
Middle-European  province  limestones  prevail,  especially  if  we 
consider  the  upper  strata  (1890,  p.  316),  while  in  the  Knssian 
Jura  '*  more  soft  clajs  and  sands  "  (p.  326),  and  only  "  in  an 
inferior  degree  limestones"  (p.  327)  are  found.  This  preva- 
lence of  sandstones,  especially  in  the  Aucella  beds,  is  stated  by 
Lahusen  several  times  (I.  c.  p.  486,  p.  491,  p.  492),  and  Xiki- 
tin  (1.  c.  1886,  p.  211,  p.  237)  even  holds  this  peculiarity  of 
the  facies  responsible  for  the  fannistic  differences.  It  is 
further  a  very  interesting  fact  given  by  Nikitin  (p.  217,  p.  334, 
.  236),  that  corals  are  found  in  some  places  of  the  Russian 
lira,  and  these  are  true  Reef- corals  belonging  to  the  Tham- 
nastrividcB.  Neumayr  refers  (1887,  p.  72)  to  this  statement 
only  by  saying,  that  the  occurrence  of  corals  in  Russia  is  "very 
rare,''  and  that  (p.  73)  against  the  view  that  conditions  of  the 
facies  play  part  liere  "  grave  doubts  exist "  ("  schwere    Beden- 

*  Uber  die  jurassichen  Bildungen  im  aiidwestlichen  Telle  dea  GouyernemeDts 
Rjaaan. — Neues  Jahrb.  Min.  Geol.  Pal.  1877. 
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Mi  gegeniiberstehen  ").*  Tfie  statement  of  Nikitin,  however 
.  232),  that  calcareous  deposits  are  almost  absent  in  the 
ussian  Jura,  but  that  where  such  are  exposed  corals  are 
ond,  induces  us  to  accept  a  causal  connection  between  the 
JO  facte.  The  occurrences  of  corals  is  connected  with  a 
Icareous  development  of  the  facies,  and  in  the  Russian  Jura, 
cording  to  the  prevailing  sandy  nature  of  the  deposits,  only 
eal  formation  of  Coral-reefs  and  limestone-deposits  was 
»s6ible. 

The  fact  that  the  Aucella-beds  are  mostly  sandy  deposits 
rengthens  this  supposition  so  much  more,  as  these  beds  are 
anting  in  the  limestone-facies  of  Middle-Europe.  Thus  we 
e  amply  justified  in  looking  at  the  differences  in  the  charac- 
r  of  the  lacies  as  the  cause  producing  the  faunistic  differ- 
ices  of  the  Middle-European  and  Russian  provinces  even  in 
e  Ammonite- fauna. 

By  these  considerations,  I  think,  I  have  proved  that  the 
gument  given  by  Neumayr  for  the  non-existence  or  non- 
tion  of  topographical  differences  upon  the  distribution  of 
e  Jurassic  faunas  is  a  complete  failure.  Only  one  point 
ay  be  granted,  that  a  separation  by  land  was  not  present  in 
I  extensive  manner.  On  the  other  hand  we  have  learned 
lat  it  is  in  the  highest  degree  probable,  that  on  the  one  side 
fferences  of  depth  of  the  seas,  on  the  other  differences  of  the 
cies,  are  the  laws  governing  the  faunistic  differences.  The 
■st  cause  applies  especially  to  the  distinction  of  the  Mediter- 
nean  and  Middle-European  provinces,  the  second  to  that  of 
le  Middle-European  and  Russian  (Boreal)  provinces. 

IV.  We  have  still  to  examine  the  third  point  in  Neumayr's 
gnraent.  As  a  corroboration  of  the  climatic  nature  of  the 
fferences  of  the  Jurassic  faunas,  he  points  to  the  distribution 
'  the  different  provinces  on  the  earth,  which  he  alleges  to  be 
jnerally  parallel  to  the  equator  all  around  the  earth,  thus 
arming  circumpolar  zones.  This  is  the  weakest  part  in  Neu- 
layr'B  view,  especially  because  most  of  the  extra  European 
arassic  deposits  are  very  unsatisfactorily  known,  and  because 
enmayr  himself  was  already  acquainted  witti  some  localities 
mtradicting  his  theory. 

Neumayr  attributes  some  significance  to  the  supposed  fact, 
lat  in  South  Africa  and  South  America  Jurassic  deposits 
■e  said  to  be  present,  corresponding  in  their  characters  to  the 

♦In  his  latest  rejoinder  to  Nitikin  (N.  J.  M.  G.  P.  1890,  1,  p.  142)  Neumayr 
Tera  to  his  fonner  paper  (1887)  as  having  shown  that  differences  of  this  kind 
»Fe  not  to  be  held  responsible  for  the  faunistic  differeDces.  But  he  did  not 
en  attempt  to  prove  this  assertion  in  that  paper. 
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Middle-Ed ropean  featares,  thus  indicating  a  similar  (temperate) 
zone  on  the  southern  hemisphere.  But  he  himself  gives 
different  opinions  concerning  these  localities :  once  (1890,  p. 
330)  he  says,  that  the  so-called  Uitenhaage-formation,  near  Port 
Elizabeth,  Cape  Colony,  has  a  fauna  of  Middle-European 
^'  habitus,"  and  again  (p.  333)  he  says,  that  the  same  formation 
has  relation  neither  to  the  tropical  African  localities  nor  to 
those  in  Europe,  while  relations  to  some  localities  in  East 
India  (!)  and  South  America  (in  the  Andes  of  Chili)  are  appar- 
ent. All  we  know  of  the  latter  locality  *  is  that  there  are 
present  species  of  Phylloceras^  Lytoceraa^  and  Sim^ceras,  thus 
showing  a  more  likely  relation  to  the  Mediterranean  than  to 
the  Middle-European  Jura,  as  supposed  by  Nenmayr.  At 
present,  indeed,  we  may  better  disregard  all  these  localities,  as 
our  knowledge  of  them  is  very  incomplete. 

Further,  Neuinayr  himself  concedes  the  Middle-European 
character  of  the  Jurassic  deposits  of  the  Hermon,  Syria. 
This  occurrence,  so  absolutely  opposed  to  his  theory  of  climatic 
zones,  he  tries  to  explain  in  a  very  forced  manner,  supposing 
arbitrarily  a  southern  local  extension  of  the  Middle-European 
Jura  into  the  equatorial  zone.  We  may  add  here  that  the 
Jura  of  Cutch,  India,  is  regarded  by  Waagen  as  Middle- 
European,  while  Neumayr  claims  it  as  Mediterranean. 

In  this  respect   a   recent  paper  of  Tornquist,  f   treating  a 
Jurassic  locality  on  the  eastern  coast  of  Africa,  near  the  equa- 
tor, is  very  interesting.     Tornquist  says  (p.  23):  "  As  far  as  we 
know  the  fauna  of  Mtaru,  it  must  be  regarded  surely  as  being 
of  Middle  European  character."     Thus  we  would  have  there, 
near    the    equator,  a   Jurassic    fauna,    which,    according  to 
Neumayr,   can  only  be   found  in  much  higher   geographical 
latitude.     As  the   fauna  of  Mombassa,  situated  in  the  neigh- 
borhood of  Mtaru,  shows  relations   to  the  East   Indian  locali- 
ties, which  are  according  to  Neumayr  Mediterranean,  we  have 
there,   on  the   eastern   coast  of  Africa,   Jurassic  deposits  of 
either  character  closely  approaching.     Further,  if  we  consider 
that  Tornquist  makes  mention  (p.  7,  p.  25)  of  a  peculiar  faciei 
of  the  strata  of  Mtaru,  suggestive  of  the  so  called  "terrain a 
chailles"    in   Middle-Europe    (limestone-concretions  in   marl- 
deposits),  we  are  again  led   to  the  opinion  that  differences  of 
the  facies  take  part  in  making  up  the  faunistic  differences.^ 

*See  Gottsche,  Ueber  jiirasBische  Vereteinerungen  aua  der  argentinischen  Cor- 
dillere.— Palaeontographica.  Suppl.  III.  1878. 

f  Kraginente  einer  Oxfordfauna  von  Mtaru. — Jahrb.  Hamburg,  Wise.  Anst  X. 
2,  1893. 

\  We  may  quote  here  the  following  interesting  remark  of  Tornquist  (p.  S5): 
•*It  seems  that  there  is  repeated  the  fact  which  is  known  in  the  Jura  of  ihedif* 
ferent  couotries  and  which  is  always  equally  astonishing,  namely,  that  even  over 
great  distances  a  faunistic  agreement  of  the  different  zones  of  the  Jura  can  b« 
accompanied  by  a  lithological  one." 
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The  tracing  of  the  different  Jurassic  z6ne8  aronnd  the  other 
parte  of  the  earth,  especially  across  the  American  continent,  is 
60  problematic,  that  it  is  not  worth  while  to  go  more  into 
details  here.* 

The  instances,  however,  given  above  are  wholly  suflScient  to 
oonclade,  that  a  circumpolar  arrangement  of  the  different 
Jurassic  faunas  is  not  yet  proved  ;  on  the  contrary,  that  some 
facts  are  known  wholly  dangerous  to  that  theory. 

V.  But  even  in  the  case,  that  it  may  be  granted,  that  it  is 
neither  proved  nor  refuted,  whether  the  differences  of  the 
Jurassic  faunas  are  due  to  topographical  or  to  climatic  causes, 
and  even  if  we  suppose  that  the  action  of  the  latter  may  have 
been  possible,  we  will  find  that  such  a  supposition  meets 
difficulties  hard  to  solve. 

1.  As  we  have  seen  above,  Nikitin  recognized  the  presence 
of  Keef  corals  in  the  Russian  Jura,  that  is  to  say,  in  Neumayr's 
Boreal  zone.  Neuraavr  indeed  denies  the  value  of  the  Reef- 
corals  as  evidence  for  forming  an  opinion  as  regards  the  tem- 
perature of  the  sea  water,  but  as  1  pointed  out  above,  the 
Reef-corals  are  the  only  group  of  animals  allowing  a  some- 
what sure  conclusion  as  to  the  former  climatic  conditions,  and 
I  can  not  strongly  enough  emphasize  that  I  differ  in*  this 
respect  entirely  from  Neumayr.  Therefore,  I  am  convinced, 
that  the  presence  of  Reef-corals  indicates  a  warm,  and  espe- 
cially an  equally  warm  temperature  of  the  seas  inhabited,  such 
as  now  prevails  in  the  tropical  seas.  If  such  a  temperature 
was  present  in  the  horeal  Russian  basin,  we  have  to  ask :  what 
kind  of  temperature-conditions  prevailed  in  the  temperate  and 
equatorial  zones  of  the  Jurassic  time?  Then  we  would  be 
induced  to  believe,  that  the  equatorial  seas  of  the  Jura  pos- 
sessed a  degree  of  heat  which,  compared  with  the  recent  con- 
ditions, would  not  have  permitted  at  all  the  existence  of  animal 
life! 

2.  If  we  compare  the  temperature  zones  of  the  recent  seasf 
with  the  supposed  temperature  zones  of  Jurassic  age  as  con- 
structed by  Neumayr  (1890,  p.  336),  we  shall  find  that  the 
latter  are  nearly  the  same  as  the  former,  at  least  as  regards 
their  distance  from  the  equator.  Even  in  some  cases  in 
Nenmayr's  map  such  places  belong  to  a  cooler  zone,  which  are 
nowadays  warmer.  For  instance.  New  Zealand  and  Port 
Elizabeth  are  situated  in  his  map  distinctly  in  the  temperate 

*  The  occurrence  of  Aucella-beds  like  the  Russian  is  indicated  bj  Nikitin 
(Neaes  Jahrb.  Min.  Qeol.  PaL  1890,  II.  p.  273)  in  tropical  America,  near  St.  Luis 
Potosi,  Mexico.  If  this  fact  should  be  confirmed,  it  would  prove  an  additional 
argument  against  Neumayr's  theory. 

f  See  the  map  accompanying  my  book :  Grundziige  der  marinen  Tiergeographie. 

Am.  Joub.  Soi. — FouBTu  Sbries,  Vol.  I,  No.  4. — April,  1896. 
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zone,  while  they  He  now,  if  not  within  the  tropical  zone,  at 
least  on  the  border  of  it.  An  arctic  zone  can  be  distinguished 
in  the  present  seas  only  with  difficulty  from  the  temperate 
zone :  Is  eumayr's  horeal  zone  extends  so  far  southward,  that  it 
is  hard  to  believe  that  it  existed  at  all. 

According  to  our  knowledge  of  the  climatic  conditions  of 
former  times,  especially  of  the  Tertiary  age,  there  was  a  grad- 
ual decreasing  of  the  temperature  of  the  earth,  beginning  at 
the  poles,  and  we  are  accustomed  to  believe  that  the  climatic 
conditions  now  prevailing  form  the  most  extreme  degree  of 
cooling  ever  present  on  the  earth.  Then  it  would  be  impossi- 
ble, that  at  any  time  in  the  past  a  climate  existed  which  was 
cooler  or  was  more  differentiated  than  the  present  climate.* 
Especially,  we  can  not  make  such  a  supposition  for  the  Juras- 
sic age,  passed  by  long  ago,  and  the  climatic  conditions  of 
Neumayr's  map  agreeing  with  the  recent  ones  are  utterly 
impossible.  This  striking  improbability  is  the  more  conspic- 
uous as  we  compare  the  supposed  Jurassic  climate  of  Neumayr 
with  that  of  the  older  Tertiary  times,  as  I  have  already  done 
elsewhere.f 

In  the  passage  just  referred  to  I  remarked,  that  Neumayr 
perhaps  intended  to  express  no  judgment  of  the  actual  temper- 
atures at  Jurassic  times,  but  that  he  had  in  mind  only  that  a 
difference  in  temperature  was  present.  But  then  we  would  be 
induced  to  accept  for  his  boreal  zone  a  climate  like  that  of  the 
recent  tropics,  and  we  would  be  confronted  with  the  same 
difficulty  as  discussed  under  No.  1. 

3.  Remembering  the  climatic  conditions  of  the  recent  times 
we  find,  that  climatic  limits  generally  are  not  very  sharp,  bat 
that  there  are  zones  of  transition  interposed.  The  limits  of 
Neumayr's  Mediterranean  and  Middle-European  provinces  are 
very  sharp,  so  that  we  can  not  expect  that  there  prevailed 
normal  conditions.  Neumayr  himself  is  aware  that  these 
limits  are  unusually  sharp  ones,  and  he  explains  this  fact  by 
supposing  that  there  was  a  current  of  warm  water  present. 
This  supposition,  however,  is  a  pure  imagination,  supported 
absolutely  by  nothing. 

4.  But  we  will  examine  this  current-theory  more  closely. 
Neumayr  says  (1871,  p.  525),  that  this  current  coming  from 
the  South-West  reached  in  the  neighborhood  of  Cracow  its 
most  northern  point,  and  curved  then  in  a  south-easterly  direc- 
tion— or  the  course  of  this  current  was  in  the  opposite  direc- 

*  Perhaps  one  would  refer  to  the  conditions  of  the  "ice  agre"  as  representing 
the  most  extreme  cooling:  but  I  remark  explicitly,  that  I  regard  the  eo  called 
"  ice  age  "  as  a  local  feature  of  the  subrecent  time,  which  is  not  at  all  related  to 
the  general  cooling  of  the  earth. 

f  Grundziige  der  marinen  Tiergeographie,  1896,  p.  62,  63. 
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tion.  Such  a  current  is  according  to  his  map  hardly  possible. 
The  conrse  in  the  direction  first  mentioned  is  impossible, 
because  no  conditions  in  the  configuration  of  land  and  sea  were 
present  there  which  could  effect  a  current  in  this  direction 
(like  the  Kuro-Siwo  and  Florida  current  of  recent  time).  The 
alleged  curve  of  the  current  at  its  most  northern  point  would 
be  also  astonishing  :  why  does  this  current  not  carry  its  warm 
water  farther  northward  into  the  Russian  province?  If  it 
went  in  the  opposite  direction,  we  must  ask :  where  did  it 
come  from,  and  what  was  the  cause  producing  sach  an  abnormal 
movement  of  water  in  a  direction  never  displayed  by  any 
important  current  of  the  recent  seas  ?  And  a  current  effecting 
such  striking  and  sharp  differences  of  temperatures  must  neces- 
sarily have  been  an  important  one ! 

I  think,  however,  there  is  no  profit  in  trying  to  construct 
the  ocean  currents  of  Jurassic  age.  But  if  we  adopt  the  con- 
figuration of  land  and  sea  given  in  Neumayr's  map,  there  can 
be  no  doubt,  I  believe,  that  only  one  kind  of  movement  of  the 
surface  water  of  the  sea  was  possible  in  all  these  parts  under 
discussion,  namely  a  general  current  running  from  East  or 
North-East  to  the  West  or  South- West.  Then  from  the 
Russian  basin  a  cool  current  would  run  into  the  Middle- 
European  and  Mediterranian  provinces,  and  the  coui'se  of  the 
northern  limits  of  these  two  provinces  should  be  very  different 
from  that  given  by  Neumayr.  These  limits  could  not  show  a 
convexity  toward  the  North  just  opposite  the  main  opening, 
through  which  the  cool  water  was  discharged,  but  we  should 
expect  a  southward  curve  of  these  lines. 

Under  such  conditions  of  things,  since  it  is  at  present  utterly 
impossible  to  get  an  approximate  idea  of  the  Jurassic  currents, 
it  would  be  profitable  to  have  recourse  to  such  theories  only  in 
the  most  desperate  cases,  where  no  other  explanation  is  possible. 

The  results  obtained  by  these  considerations  may  be  summed 
up  as  follows.  The  differences  observed  in  the  faunas  of  the 
Jurassic  deposits  are  not  caused  by  climatic  differences.  The 
arguments  of  Neumayr  for  the  non-action  of  the  topographical 
conditions  are  partly  incomplete,  partly  they  fail  to  convince. 
On  the  contrary,  I  have  shown,  that  even  conditions  of  the 
latter  kind,  differences  of  depth  of  the  seas  and  differences  of 
the  facies  play  the  chief  part  in  influencing  the  distribution  of 
the  Jurassic  fauna,  and  that  the  existence  of  climatic  zones  in 
the  Jurassic  seas  is  not  only  not  proved,  but  extremely  improb- 
able. Therefore  it  wouldf  be  well  to  abandon  entirely  Neu- 
mayr's  theory  of  climatic  zones  in  Jurassic  time,*  and  it  would 

♦  In  order  to  prevent  any  misunderstanding:,  I  wish  to  say  expressly,  that  I 
do  not  deny  the  eziatence  of  changes  in  temperature  and  differences  in  climate  in 
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be  more  profitable  to  examine  closely  the  diflferences  of  the 
facies  of  this  time,  especially  the  questioD,  how  the  diflPerent 
facies  are  deposited,  and  how  the  different  groups  of  animals 
are  influenced  by  the  facies.  There  is  no  doubt  that  for  this 
purpose  we  have  to  compare  the  fossil  deposits  with  those 
formed  in  the  recent  seas.  This  latter  method  is  the  way  out- 
lined by  J.  Walther  in  his  work  :  "  Einleitung  in  die  Geologic 
als  historieche  Wissenschaft,"  and  it  would  be  very  advan- 
tageous to  direct  more  attention  to  this  subject  in  subsequent 
geological  studies. 

Princeton,  N.  J.,  January,  1896. 

pre-Tertiary  times.  But  such  changes  and  differences  of  the  ocean-waters  were 
only  slight  ones,  not  differing  from  those  present  nowadays  within  the  tropical 
seas,  and  not  influencing  the  distribution  of  animals.  On  the  other  hand,  the 
air-temperatHres  of  the  continents  changed  even  in  pre-Tertiary  times  in  proportion 
to  the  size  of  the  continental  masses  to  the  elevation  and  to  the  gengrraphical 
latitude.  Perhaps  they  did  so  in  a  lesser  degree  than  at  present,  but  this  difer- 
ence  of  the  oceanic  and  the  continental  conditions  of  temperatures  was  almost  as 
striking  as  it  is  nowadays  between  the  temperatures  of  the  recent  tropical  sei£ 
and  those  of  the  high  mountain-chains  and  table-lands  of  the  tropical  parts  of  the 
recent  continents. 
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Art.  XXXI. — On  an  Occurrence  of  Theralite  in  Costa  Hicay 

Central  America ;  by  J.  E.  Wolff. 

Among  a  series  of  rocks  collected  by  Prof.  R.  T.  Hill  in 
1895  in  a  recoDnaissance  of  the  Isthmus  of  Panama  and  Costa 
Rica  made  in  cooperation  with  Mr.  Alexander  Agassiz,  was 
one  small  specimen  occurring  as  an  intrusion  through  the  Ter- 
tiary rocks  of  the  Atlantic  slope  of  the*  Costa  Rican  volcanic 
plateau.  Of  this  specimen  Mr.  Hill  says :  "  The  rock  is  pushed 
up  through  the  Upper  Oligocene  strata  [limestone]  and  hence 
its  aee  is  Miocene  or  later."  According  to  his  diagram,  it  occurs 
as  a  Targe  mass  cutting  across  the  bedding  of  the  limestone. 

The  rock  has  the  typical  spotted  dark  gray  color  of  the 
Montana  theralite  with  distinct  crystals  of  augite,  biotite  and 
rounded  areas  of  radiating  zeolites. 

In  thin  section  the  rock  is  composed  of  augite,  triclinic  feld- 
spar, sanidine,  nepheline,  a  mineral  of  the  sodalite  group, 
olivine,  biotite,  magnetite,  apatite,  and  abundant  zeolites.  The 
augite  occurs  in  imperfect  prisms  with  both  pinacoids  and 
terminal  planes ;  it  has  a  pale  yellowish-green  color  with 
marked  zonal  structure  and  an  extinction  of  43°  on  the  clino- 
pinacoid.  In  a  large  section  cut  across  the  prism  the  inner 
lighter  green  core  has  the  orthopinacoidal  cleavage  alone  devel- 
oped, while  the  outer  zones  have  the  usual  double  prismatic 
cleavage  alone  developed,  showing  an  apparent  relation  between 
the  development  of  these  cleavages  and  the  chemical  composi- 
tion, -^girine  as  an  outer  border  or  separate  from  the  augite 
is  entirely  wanting.  The  few  imperfect  crystals  of  olivine  are 
entirely  serpentinized.  The  biotite  occurs  in  hexagonal  plates ; 
the  apatite  and  magnetite  require  no  special  description. 

The  feldspar  is  the  most  striking  constituent  in  comparison 
with  the  Montana  theralite,  for  the  larger  part  shows  multiple 
twinning  on  the  albite  law,  with  rarely  a  pericline  lamella ;  even 
apparent  Carlsbad  twins  are  found  by  optical  study  to  be  on 
the  albite  law  analogous  to  the  well  known  occurrence  of  albite 
itself  in  the  crystalline  schists,  and  the  Carlsbad  law  seems  to 
be  wanting.  By  means  of  the  Federow  universal  stage  a  num- 
ber of  these  feldspar  sections  were  brought  into  the  zone  of 
optical  symmetry  and  by  revolution  on  the  second  horizontal 
axis  the  maximum  negative  extinction  of  this  zone  determined 
at  between  26°  and  27°*  ;  the  feldspar  is  therefore  a  labrado- 

*  The  use  of  this  instrument  is  especially  helpful  in  such  cases  where  the  use 
of  the  exceUent  methods  of  Michel- Levy  (combination  of  the  albite  and  Carlsbad 
laws)  or  of  Fouque  (bisectrix  sections)  is  impracticable.  Prof.  Fedorow  has 
rendered  a  service  to  petrographers  comparable  to  that  of  Ooldschmidt,  himself 
and  others  to  crystallography  in  the  invention  of  the  theodolite  goniometer. 
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rite  of  the  composition  AVAn'.  A  few  sections  of  nntwinned 
feldspar  have  an  index  of  refraction  inferior  to  that  of  the 
balsam,  a  small  axial  angle,  and  are  therefore  probably  ortho- 
clase. 

The  mineral  of  the  sodalite  group  occurs  exactly  as  in  the 
Montana  rock  in  little  crystals  enclosed  in  the  feldspar,  with  a 
dirty  blue  color,  isotropic  character  and  characteristic  square  or 
hexagonal  outlines.  The  nepheline  is  in  small  stout  square 
prisms,  generally  in  clusters  or  enclosed  in  the  feldspar — the 
usual  fibrous  decomposition  has  obscured  the  original  optical 
properties,  but  its  entire  identity  in  form  and  characters  with 
the  nepheline  of  the  weathered  specimens  of  the  Montana 
rock,  leaves  no  doubt  as  to  its  identification.  Zeolitization  has 
spread  from  the  nepheline  to  a  large  part  of  the  feldspar  ;  most 
of  the  zeolites  are  of  the  radiating  prismatic  type,  which  was 
not  further  determined,  but  there  are  some  patches  of  analcite. 

The  main  differences  from  the  Montana  type  are  in  the 
absence  of  eegirine,  the  distinctly  basic  soda-lime  feldspar  and 
the  small  amount  of  sanidine;  it  probably  represents  a  type 
poorer  in  alkalies,  but  a  chemical  analysis  was  considered  unre- 
munerative  on  account  of  the  small  amount  of  material  and 
considerable  alteration  of  the  rock.  It  represents  the  purest 
type  yet  described  of  theralite  as  defined  by  Rosenbusch. 
namely  a  soda-lime  feldspar-nepheline,  plutonic  rock. 

From  the  point  of  view  of  there  lationship  of  rock  magmas 
this  occurrence  is  extremely  interesting,  representing  as  it  does 
a  peculiar  and  rare  rock  type  occurring  some  three  thousand 
miles  from  the  Montana  region,  but  in  a  somewhat  analogous 
position  both  as  regards  Tertiary  age,  and  location  some  dis- 
tance east  of  the  main  continental  divide.      It  may  be  that 
other  occurrences  will  be  found  in  the  future  in  the  interveD- 
ing  region ;  the  nearest  representative  to  theralite  known  to 
me  in  the  intermediate  distance  is  the  nepheline  rock  described 
by   Zirkel    (in   the  "  Microscopical  Petrography   of   the   40th 
Parallel  ")  from  Fortification  llampart,  Elkhead  Mts.,  Colorado, 
of  which  more  will  be  said  in  the  forthcoming  monograph  on 
the  Crazy  Mts. 

The  lack  of  a  chemical  analysis  makes  a  comparison  from 
the  point  of  view  of  identity  or  difference  of  rock  magmas  of 
less  value  and  weakens  the  argument  which  could  be  based  on 
this  occurrence  against  the  localization  of  rock  magmas,  while 
on  the  other  hand  it  points  to  a  possible  southern  continuation 
of  the  zone  of  alkaline  rocks  occurring  in  the  northwestern 
United  States  in  the  east  border  of  the  Rocky  Mountains. 

University  Musoiim,  Cambridge,  Mass.,  February,  1896. 
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Art.  XXXII. — Metamorphum  of  a  Qahhro  occurring  in  St, 
Lawrence  County^  Jy.  Y, ;  by  C.  H.  Smyth,  Jb. 

In  the  course  of  a  reconnoissance  of  the  crystaHine  rocks  of 
St,  Lawrence  Connty,  carried  on,  dnring  the  past  summer,  for 
Dr.  James  Hall,  State  geologist,  the  writer  examined  an  area  of 

¥ibbro  which  seems  of  suflScient  interest  to  merit  description, 
he  rock  affords  another  indication  of  the  widespread  occur- 
rence of  gabbro  in  the  Adirondack  reg:ion,  to  which  attention 
has  been  called  in  a  previous  paper,*  and  also  shows  striking 
variations  in  composition  and  structure,  in  part  primary,  but 
chiefly  secondary. 

The  locality  is  in  the  town  of  Russell,  about  four  miles 
southwest  of  the  village  of  the  same  name,  and  one-half  mile 
east  of  the  well  known  danburite  locality.  The  prevailing 
rock  of  the  vicinity  is  a  massive  gneiss,  generally  with  a 
decided  red  color.  This  rock  probably  bounds  the  gabbro  on 
all  sides,  although  the  limits  of  the  latter  were  found  only  on 
the  east  and  west.  The  extent  in  this  direction  is  hardly  more 
than  one-eighth  of  a  mile. 

It  will  be  convenient  to  describe,  first,  the  phenomena 
observed  in  the  field,  and  then,  to  consider  the  petrographic 
details  of  the  various  phases  of  the  rock. 

The  gabbro  and  associated  gneiss  form  a  short  steep  ridge, 
with  an  elevation  of  fifty  to  seventy-five  feet,  just  nortn  of  the 
highway.  Even  in  a  rapid  examination  of  the  region  the  gabbro 
could  scarcely  be  overlooked  on  account  of  the  marked  contrast 
between  its  coarser  portions  and  the  prevailing  country  rock. 
These  very  coarse  parts  have  a  decidedly  mottled  aspect  on 
weathered  surfaces,  due  to  imperfect  porphyritic  structure, 
with  phenocrysts  of  feldspar  ranging  up  to  three  inches  in 
length,  surrounded  by  dark  green  or  black  material.  A  more 
abundant  variety  has  feldspars  seldom  extending  one-half  inch 
in  length,  and  the  porphyritic  structure  is  replaced  by  a  more 
or  less  perfect  ophitic  structure.  This  phase  of  the  rock  may 
become  finer,  and  may  assume  a  nearly  granular  structure.  At 
the  same  time  there  are  variations  in  the  relative  proportions 
of  feldspar  and  fcrro-magnesian  minerals,  with  corresponding 
changes  of  color.  These  variations  in  the  rock  are  all  primary 
and  may  be  summarized  as  a  range  in  grain  from  very  coarse 
to  moderately  fine;  in  structure  from  porphyritic  to  ophitic, 
and  to  nearly  granular ;  in  color  from  nearly  black  to  gray. 
These  changes  in  character  take  place    very   suddenly,   and 

*  C.  H.  Smyth,  Jr. — On   Gabbros  in  the  Southwest  Adirondack  Region,  thia 
Journal.  Ill,  xlviii,  p.  64. 


274        C.  H.  Smyth,  Jr. — Metamorphism  of  a  Oahbro, 

the  diflFerent  phases  are  most  irregularly  distribnted,  seem- 
ing to  conform  to  no  law.  The  prevailing  variety  is  that  hav- 
ing the  coarse  ophitic  structure.  In  spite  of  this  structure,  the 
rock  is  classed  with  the  gabbros,  rather  than  with  the  diabases, 
on  account  of  its  coarseness,  the  character  of  its  component 
minerals,  and  its  aflSnity  with  other  rocks  of  the  region  which 
are  undoubted  gabbros. 

The  primary  variations  in  the  rock  suffice  to  give  considera- 
ble diversity  to  different  portions,  within  a  limited  area,  bat 
this  diversity  is  greatly  intensified  by  certain  secondary  modifi- 
cations of  structure  and  composition.  As  a  result  of  the  com- 
bined effect  of  primary  and  secondary  variations,  it  would  be 
easy  to  collect,  within  an  area  of  a  few  square  rods,  a  half  dozen 
or  more  specimens  whose  appearance,  even  in  thin  section, 
would  scarcely  suggest  that  they  had  any  connection  with  one 
another. 

The  secondary  changes  are  of  two  kinds.  The  first  might 
be  classed  as  degradational  in  nature,  the  mineral  constituents 
decomposing,  wMth  the  formation  of  reddish  masses,  blotched 
with  green.  These  masses  are  scattered  through  the  unchanged 
rock  very  abundantly,  and,  at  first  sight,  look  like  inclusions  of 
red  gneiss,  but  on  closer  inspection  they  show  a  less  crystalline 
aspect  than  the  gneiss,  being  rather  inclined  to  an  earthy  sur- 
face, and  they,  further,  pass  by  gradual  transitions  into  the 
gabbro. 

The  second  modification  is  mainly  structural,  so  far  as  the 
megascopic  aspect  is  concerned,  but  is  accompanied  by  certain 
peculiar  transformations  in  the  minerals  of  the  rock.  In  this 
instance  the  gabbro  loses  its  massive  character  and  passes  over 
into  a  well  developed  gneiss,  sometimes  almost  a  schist.  As 
the  normal  structure  gives  place  to  a  parallel  arrangement  the 
constituent  minerals  assume  a  more  or  less  rounded  contonr, 
and  the  resultant  gneiss  is,  in  consequence,  decidedly  grann- 
litic.  The  passage  from  coarse,  massive  gabbro  into  fine, 
granulitic  gneiss,  and  back  into  gabbro,  is  repeated  over  and 
over  again,  and  takes  place  within  a  few  feet.  Specimens  of 
the  extreme  tyi)es  differ  greatly  in  appearance  from  each  other, 
and,  in  the  absence  of  the  intermediate  phases,  would  scarcely 
be  suspected  of  having  a  common  origin. 

At  several  points  this  gneissoid  gabbro  shows  still  another 
modification  of  a  somewhat  peculiar  character.  This  consists 
principally  in  the  development  of  platey  masses  of  hornblende, 
which  cut  across  the  foliation  of  the  gneiss  at  a  high  angle, 
approximating,  as  a  rule,  a  right  angle.  These  plates  of  horn- 
blende range  in  thickness  up  to  about  half  an  incli,  and  extend, 
interruptedly,  for  several  feet  in  a  horizontal  direction.  There 
are  no  sections  to  show  their  vertical  extent,  but  it  doubtless 
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corresponds  to  the  lateral.  The  plates  are  parallel  with  each 
other,  are  from  one  to  six  inches  apart,  and  occur  over  areas  of 
several  square  yards.  Wherever  this  structure  is  developed, 
the  gneiss  has  a  very  peculiar  surface.  The  rock  immediately 
adjacent  to  the  hornblende  has  been  rendered  particularly  lia- 
ble to  weathering,  so  that  the  plates  all  occupy  snallow  grooves, 
separated  by  corresponding  ridges.  As  a  result,  the  surface  of 
the  rock  presents  an  appearance  which  may  be  described  as 
similar  to  that  of  corrugated  roofing.  The  distance  between 
the  grooves  corresponds  to  that  between  the  hornblende  plates, 
their  depth  reaches  an  inch  or  more.  As  a  rule,  the  plates  of 
hornblende,  on  account  of  their  resistant  character,  project 
slightly  above  the  bottom  of  the  groove. 

The  grooves,  following  the  hornblende  plates,  often  curve 
considerably,  and  when  the  curves  become  sharp  they  com- 
monly pass  into  small  shear  zones.  In  other  cases,  instead  of 
finding  relief  along  distinct  zones,  the  pressure  has  crushed 
masses  of  the  rock  mto  a  rather  fine  breccia. 

It  is  evident  that  this  development  of  hornblende  plates  is, 
like  the  foliation,  a  secondary  phenomenon.  For,  not  only 
would  it  be  very  difficult  to  explain  as  a  case  of  primary  band- 
ing, but  the  plates  occur  only  in  the  gneissoid  portion  of  the 
rock,  showing  that  their  formation  has  some  connection  with 
the  gneissoid  character.  While  so  much  is  clear,  the  precise 
relation  between  the  platey  structure  and  the  foliation  is  not 
so  evident.  The  hornblende  plates  occur  in  a  distinctly 
gneissoid  rock,  and  make  a  high  angle  with  the  foliation,  but 
they  are  not  themselves  affected  by  this  foliation,  rather  cut- 
ting across  and  interrupting  it.  The  intimate  connection 
between  foliation  and  platey  structure,  however,  indicates 
that  they  should  be  regarded  as  phases  of  one  period  of  meta- 
morphism,  rather  than  as  resulting  from  two  distinct  periods 
with  different  conditions. 

It  may  be  worth  while,  in  passing,  to  note  the  resemblance 
presented  by  this  phase  of  thegabbro  to  a  metamorphosed  sedi- 
mentary rock.  In  the  absence  of  the  massive  and  transitional 
portions,  the  platey  structure,  with  attendant  grooving  of 
weathered  surfaces,  might  well  be  regarded  as  representing  orig- 
inal bedding,  crossed  at  high  angles  by  secondary  foliation. 
There  is  afforded  here  an  instance  of  the  apocryphal  nature  of 
parallel  structures  in  crystalline  rocks. 

Petrographic    Description, 

In  specimens  of  the  normal  gabbro  the  feldspar  is  pale  gray 
or  purplish,  altering  to  green.  The  ferro-magnesian  constitu- 
ents are  dark  green  to  black,  often  green  in  the  center  with 
black  margins. 
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Thin  sections  always  show  some  alteration  in  the  minerals, 
and  this  is  usually  considerable.  Where  there  is  an  approxi- 
mation to  the  original  character  of  the  rock,  the  minerals  are 
plagioclase,  pyroxene,  magnetite,  and  titanite  as  primary  con- 
stituents, together  with  a  variety  of  secondary  products.  Of 
the  two  chief  constituents,  the  feldspar  is  the  older,  tending  to 
assume  a  lath  shape.  It  is  well  twinned,  and  the  lamellse  extin- 
guish at  about  25^  as  a  maximum,  indicating  labradorite.  Twin- 
ning on  the  perlcline  law  is  often  present,  in  addition  to  that  on 
the  albite  law.  The  feldspar  is  filled  with  the  tine  dust-like 
inclusions  so  common  in  the  feldspar  of  gabbros.  It  is  always 
largely  altered,  and  is  often  entirely  replaced  by  secondary 
products.  The  most  conspicuous  of  these  is  scapolite.  This 
mineral  generally  begins  to  form  on  the  margin  of  the  feld- 
spar, gradually  extending  inward  until  the  latter  is  wholly 
replaced.  On  account  or  this  mode  of  growth,  the  cloudecl 
feldspar  individuals  are  often  separated  from  the  pyroxene  by  a 
clear  zone  of  scapolite.  The  mineral  is  readily  recognized  by 
its  parallel  extinction,  strong  double  refraction,  uniaxial  figure 
in  convergent  light,  and  negative  optical  character. 

Where  the  rock  shows  no  effects  of  crushing,  the  scapolite  is 
in  rather  large  plates,  but  in  cases  where  cataclastic  structure 
is  present,  it  is,  like  the  other  minerals,  reduced  to  small  grains, 
indicating  that  it  was  formed  prior  to  the  crushing. 

The  second  product  of  change  in  the  feldspar  is  a  fine- 
grained semi-opa<{ue  aggregate.  This  is  possibly  saussuritic  in 
its  nature,  but  the  opacity  and  extreme  fineness  combine  to 
render  a  determination  of  its  constituents  impracticable.  This 
method  of  alteration  becomes  most  conspicuous  in  the  reddish, 
earthy  portions  of  the  rock  referred  to  above. 

The  pyroxene  is  colorless,  and  often  contains  abundant  fine, 
dark  inclusions.  The  maximum  extinction  angle  observed  is 
44°.  It  forms  large  plates,  filling  the  spaces  between  the 
feldspars.  It  is  always  more  or  less  changed  into  deep- 
green  hornblende,  usually  in  irregularly  oriented  scales.  This 
change  begins  on  the  exterior  of  the  pyroxene  and  extends 
toward  the  center.  The  inward  growth  may  be  very  regular, 
showing  a  central  area  of  nearly  pure  pyroxene,  surrounded 
by  a  well  defined  zone  of  hornblende.  Or,  on  the  other  hand, 
the  hornblende  may  penetrate  the  pyroxene  very  irregularly, 
yielding  a  network  of  the  former  mineral  inclosing  residual 
grains  of  the  latter.  Usually,  a  considerable  part  of  the  horn- 
blende is  oriented  parallel  with  the  pyroxene,  but  there  is 
always  an  abundance  of  scales  irregularly  arranged,  and  these 
are  not  uncommonly  in  excess.  There  is  invariably  some  of 
the  hornblende  present  and  it  increases  at  the  expense  of  the 
pyroxene,  up  to  almost  entire  replacement  of  the  latter.    The 
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ainonnt  of  hornblende  seems  to  bear  a  somewhat  peculiar  rela- 
tion to  the  structure  of  the  rock.  Always  fairly  abundant, 
even  in  the  most  massive  specimens,  it  increases  as  the  rock 
takes  on  a  cataclastic  structure,  but  as  this  passes  into  a  dis- 
tinctly gneissoid  structure,  the  relative  amount  of  hornblende, 
as  compared  with  pyroxene,  decreases. 

The  other  constituents  of  the  normal  gabbro,  such  as  mag- 
netite surrounded  by  secondary  biotite,  titan ite,  and  rare 
tourmaline,  are  of  minor  importance,  and  demand  no  special 
description. 

Of  the  modifications  of  the  ^bbro,  only  the  gneissoid 
variety  requires  consideration.  While  the  passage  from  gabbro 
to  gneiss  is  gradual,  as  seen  on  a  large  scale  in  the  held,  it 
appears  quite  abrupt  in  the  microscopic  sections,  the  original 
structure  breaking  down  rapidly  and  giving  place  to  the  second- 
ary structure.  Two  types  of  this  secondary  structure  appear, 
which,  though  closely  connected,  present  much  difference  in 
thin  sections.  In  the  first  type,  the  rock  as  a  whole  retains  its 
original  structure,  the  outlines  of  the  different  minerals  being 
slightly  changed,  but  all  of  the  constituents  are,  at  the  same 
time,  reduced  to  fine  grains,  giving  a  cataclastic  structure.  As 
the  crushing  becomes  more  intense,  the  mineral  outlines 
change,  and  a  more  or  less  pronounced  parallel  structure 
results.  In  this  stage  the  rock  is  a  massive  gneiss  made  up  of 
very  fine  grains  of  pyroxene,  hornblende,  feldspar  and  scapo- 
lite.  The  grains  of  the  two  dark  and  of  the  two  light  min- 
erals are  aggregated  in  large  masses,  so  that  the  rock  appears 
much  coarser  than  it  really  is. 

In  the  other  type  of  secondary  structure,  the  rock  is  a  well 
defined  gneiss.  It  is  apparently  much  finer  grained  than  the 
previous  variety,  but  in  reality  is  coarser,  the  individual  grains 
being  many  times  larger  than  in  the  cataclastic  rock,  but  not 
aggregated  in  large  patches.  The  pyroxene  and  the  horn- 
blende do,  however,  form  fairly  large  masses,  but  quite  differ- 
ent from  those  described  above,  being  elongated  in  the  direc- 
tion of  the  foliation,  and  often  passing  around  and  enclosing 
the  feldspar  grains.  This  rock  is  composed  of  feldspar,  with 
pyroxene  or  hornblende,  or,  more  generally,  both.  Between 
this  phase  of  the  rock  and  that  with  cataclastic  structure  inter- 
mediate phases  occur,  showing  that  the  development  of  cata- 
clastic structure  is  the  first  step  in  the  process  of  converting 
the  gabbro  into  gneiss.  The  changes  which  have  taken  place 
in  the  completed  process  become  apparent  upon  comparing  the 
minerals  of  the  gneiss  with  those  of  the  original  roct. 

The  feldspar  of  the  gneiss  is  in  equidimensional  grains, 
instead  of  lath-shaped,  and  is  quite  free  from  the  dusty  inclu- 
sions of  the  original  gabbro  feldspar,  being  water-clear,  except 
when  kaolinized.     While,  in  the  gabbro,  the  feldspar  is  always 
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well  twinned,  in  the  gneiss  there  are  abundant  grains,  ofteD 
more  than  half  of  the  total  feldspar,  showing  no  twinning, 
and,  in  general,  when  twin  lamellae  are  present,  thej  are  ranch 
broader  and  less  frequent  than  in  the  original  rock.  While 
some  of  the  grains  show  extinction  angles  almost  as  large  as  in 
the  gabbro,  in  most  it  is  from  5°  to  15°  lower.  Adjacent  feld- 
spar grains  are  distinct  individuals  and  evidently  not  mere 
fragments  of  larger  individuals. 

For  these  facts,  but  one  explanation  seems  acceptable :  the 
feldspar  of  the  original  rock  has  been  entirely  recrystallized, 
formmg  again  plagioclase,  but  most  of  it  more  acid,  while  the 
abundance  of  untwinned  grains  points,  almost  with  certainty, 
to  the  production  of  much  orthoclase.  Moreover,  while  in  the 
cataclastic  variety  crushed  scapolite  is  abundant,  in  the  pres- 
ent type  this  mineral  is  generally  absent.  Evidently,  meta- 
morpbism  has  changed  it  back  into  feldspar,  from  which  it  was 
originally  derived. 

The  pyroxene  of  the  gneiss  differs  from  that  of  the  gabbro 
in  being  free  from  the  black  inclusions,  and  in  having  a  deep 
green  color,  with  faint  pleochroism.  A  difference  in  form  is 
necessitated  by  the  structure  of  the  rock,  and,  as  a1>ove  stated, 
it  often  builds  elongated  grains,  united  to  irregular  spindles, 
commonly  with  parallel  orientation  over  a  considerable  area. 
The  pyroxene  is  moulded  upon  and  often  encloses  the 
feldspar. 

Here  again  the  change  in  character  and  in  form  can  be 
explained  only  by  recrystallization. 

The  hornblende  occurs  precisely  as  does  the  pyroxene;  has 
lost  its  scaly  form,  is  often  bounded  by  its  cleavage  planes, 
and  sometimes  by  crystal  faces,  and  is  rather  browner  than  in 
the  gabbro,  with  more  intense  pleochroism.  It  appears  to  be 
the  result  of  recrystallization  of  the  scaly  secondary  horn- 
blende of  the  gabbro,  this  having  entirely  disappeared. 

The  gneiss  further  contains  many  grains  of  titanite,  the 
amount  of  this  mineral  being  much  greater  than  in  the  un- 
changed gabbro,  where  it  is  a  scanty  accessory.  Two  sections 
show  a  lew  grains  of  epidote.  These  minerals  doubtless 
formed  from  materials  separated  out  in  the  process  of  recrys- 
tallization. 

The  foregoing  facts  lead  to  the  conclusion  that  the  extreme 
effect  of  inetamorphism  on  the  gabbro  has  been  to  produce 
complete  recrystallization,  yielding  a  granulitic  structure.  But 
in  spite  of  this  recrystallization,  the  mineralogical  composition 
is  not  greatly  changed — feldspar  yielding  feldspar,  pyroxene 
yielding  pyroxene,  and  hornblende,  itself  secondary  after 
pyroxene,  yielding  again  hornblende,  and  some  pyroxene.  Yet 
in  each  case  the  recrystallization  has  produced  not  only  changes 
in  external  form  of  the  minerals,  but  also  modification  of 
internal  structure  and  of  composition. 


C.  H.  Smyih^  Jr, — Metamorphiam  of  a  Gabhro,       279 

The  relations  of  hornblende  and  scapolite  to  the  history  of 
he  rock  present  some  points  for  further  consideration.  As 
las  been  stated,  both  occur  abundantly  in  the  most  massive 
X)rtion  of  the  rock,  while  the  hornblende  seems  still  more 
ibundant  in  the  somewhat  crushed  portions,  decreasing  again 
n  the  gneiss.  The  scapolite  remains  about  the  same  in  quan- 
ity  in  the  massive  and  crushed  portions,  but  disappears  almost 
jntirely  in  the  gneiss,  having  been  found  in  only  one  specimen, 
n  the  case  of  the  hornblende  it  is  possible,  though  not  proba- 
)le,  that  the  relations  stated  are  only  apparent,  resulting  acci- 
[entally  from  the  particular  set  of  specimens  examined.  But 
IS  to  the  scapolite  there  seems  to  be  no  doubt.  These  phe- 
lomena  lead  to  the  conclusion  that  the  formation  of  the  scaly 
lornblende  and  the  scapolite  took  place  under  conditions  dif- 
erent  from  those  required  for  the  production  of  the  gneiss. 
The  latter  is  a  clear  case  of  dynamic  metamorphism,  with 
levelopment  of  a  pronounced  parallel  structure,  and  complete 
ecrystallization,  the  previously  formed  scaly  hornblende  crys- 
allizing  into  larger  masses  of  the  same  mineral  and,  partly, 
nto  pyroxene  as  well ;  while  the  scapolite  is  changed  back 
nto  feldspar.  In  other  words,  in  the  case  of  these  minerals 
ntense  dynamic  metamorphism  has  brought  about  a  direct 
eversal  of  the  earlier  process  which  led  to  their  formation.  It 
8  evident  that  the  different  varieties  of  the  rock  represent 
lifferent  stages  of  metamorphism,  and  that  the  work  of  the 
earliest  stage  is,  to  a  large  extent,  undone  by  the  latest  stage. 

The  first  stage  is  marked  by  the  formation  of  scapolite  and 
ome  scaly  hornblende,  with  little  or  no  sign  of  crushing,  the 
)robable  agents  of  change  being  pressure,  heat  and  solutions. 
The  latter  factor  is  of  importance  in  connection  with  the  pos- 
ible  addition  of  chlorine  in  the  conversion  of  feldspar  into 
capolite.  The  familiar  theory  of  Judd*  to  account  for  this 
Iteration  certainly  cannot  be  applied  to  the  present  case,  what- 
iver  value  it  may  have  elsewhere.  In  the  gefleckter  gabbro, 
)r  dipyre  diorite  of  Norway  other  writers  have  pointed  out  the 
jonnection  between  the  alteration  of  feldspar  to  scapolite  and 
he  apatite  veins.  The  probable  derivation  of  chlorine  from 
he  vein-filling  solutions  has  been  pointed  out,  and  has  been 
•ecently  accentuated  by  Vogtf  in  a  lucid  manner.  In  the  case 
mder  consideration  there  is  an  absence  of  any  distinct  con- 
luit  for  chlorine-bearing  solutions,  and  yet  it  seems  possible 
hat  chlorine  from  a  deep  source  may  have  been  carried  into 
he  rock  by  the  gradual  passage  of  water  under  heavy  pressure, 

*  J.  W.  Judd :  On  the  processes  by  which  a  plagioclase  feldspar  is  converted 
ito  scapolite,  Min.  Mag.,  viii,  1891. 

f  J.  U.  L.  Vogt:  Beitrilge  zur  genetischen  Classification  der  durch  ^magma- 
iflche  Differentiationsprocesse  und  der  durch  Pneumatolyse  entstandenen*Erzvor- 
ommen,  Zeits.  f.  prakt  Geol.,  1895,  p.  456. 
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and  probably  at  a  high  temperature.  The  whole  question  is, 
however,  an  obscure  one,  on  which  the  case  under  considera- 
tion throws  no  light.  At  the  same  time  that  the  scapolite  was 
forming,  the  conversion  of  pyroxene  into  hornblende  began. 
From  such  a  process  there  would  result,  ultimately,  a  rock 
composed  of  hornblende  and  scapolite,  which  would  be  mas- 
sive, but  there  could  not  be  formed  a  granulitic  pyroxene- 
hornblende  gneiss. 

In  the  second  stage,  the  effects  of  crushing  are  pronounced. 
All  of  the  constituents  are  granulated,  and  the  rock  becomes 
more  or  less  gneissoid.  At  the  same  time  the  scaly  hornblende 
increases  in  quantity,  seeming  to  reach  its  maximum  in  this 
phase  of  the  rock. 

Finally,  in  the  third  stage,  the  rock  undergoes  complete 
recrystallization,  the  new  formed  constituents  being  arranged 
normal  to  the  pressure  that  has  crushed  the  rock,  and  thus  pro- 
ducing a  pronounced  gneissoid  structure.  In  this  final  prodnct 
of  metamorphism  the  recrystallization  has  removed  all  trace  of 
cataclastic  structure.  This  is  a  point  of  some  importance  in 
its  bearing  upon  the  question  of  the  origin  of  gneisses,  for  it 
shows  the  uncertainty  of  one  of  the  criteria  wnich  have  been 
used  in  dealing  with  this  problem.  In  his  valuable  paper  on 
the  Laurentian  of  Canada,  Dr.  Adams*  has  stated  that  the 
gneisses  with  cataclastic  structure  are  probably  igneous,  while 
those  lacking  this  structure  have  resulted  from  the  crystalliza- 
tion of  sediments.  While  he  gives  abundant  evidence  to  sub- 
stantiate this  view  for  the  Canadian  rocks,  the  case  under  con- 
sideration shows  that  this  criterion  must  be  used  with  caution. 
For  here  is  an  example  of  a  gneiss  derived  from  an  igneous 
rock,  and  yet  without  a  trace  of  cataclastic  structure.  There 
can  be  no  doubt,  moreover,  that  the  converse  is  often  true,  as 
there  is  no  reason  why  the  constituents  of  a  rock  formed  by 
crystallization  of  sedimentary  material  should  not  be  crushed 
by  subsequent  pressure,  yielding  cataclastic  structure 

That  there  have  been  three  such  stages  of  metamorphism, 
with  the  results  outlined  above,  seems  to  follow  clearly  from 
the  facts  observed.  As  to  the  scapolite,  the  history  is  plain, 
but  in  the  case  of  the  hornblende  the  writer  accepts  with  some 
hesitation  the  recrystallization  into  pyroxene,  as  tuis  is  a  direct 
reversiil  of  the  common  alteration.  Still,  that  such  a  change 
has  tiiken  place  is  strongly  indicated,  and  can  be  doubted  only 
by  accepting  a  remarkable  coincidence  in  the  specimens  studied. 

On  comparing  the  normal  gabbro  with  other  rocks  of  the 
family  in  the  Adirondack  region,  it  appears  to  be  most  closely 
connected  with  a  giibbro  occurring  in  Pitcairn,  St.  Lawrence 

*  F.  D.  Aiiains :  A  Further  Contribution  to  oar  Knowledge  of  the  Laurentian, 
this  Journal,  1.  p.  5S. 
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onnty,  which  has  been  briefly  described  by  the  writer.*  In 
)mpo8itioD,  and  in  the  methods  of  alteration  of  feldspar  and 
j^roxene,  there  is  a  close  resemblance,  but  a  marked  difference 
spears  in  the  fact  that  the  pyroxene  of  the  Pitcaim  rock  is 
istinctly  older  than  the  feldspar,  approaching  a  prismatic  form; 
id,  further,  the  feldspar  is  free  of  inclusions. 

In  the  ophitic  structure,  and  in  the  abundant  inclusions  in 
le  feldspar,  the  gabbro  resembles  that  of  Lake  Champlain 
ascribed  by  Kemp,f  but  differs  from  the  latter  in  the  absence 
F  olivine  with  its  attendant  reaction  rims. 

The  Knssell  rock  is  much  more  closely  connected  with  both 
:  these  gabbros  than  with  any  of  the  diabases  of  the  region, 
hich,  with  its  extreme  coarseness  and  non-ophitic  phases, 
istifies  its  classification  as  a  gabbro,  rather  than  as  a  diabase. 

But  it  is  in  its  gneissoid  phases  that  the  relations  of  the  rock 
e  of  most  importance,  as  they  may  throw  some  light  upon 
le  question  of  the  origin  of  the  Adirondack  gneisses.  Light 
>lored,  granulitic,  pyroxene  and  hornblende  gneisses  are  quite 
»mmon  in  the  region,  and  in  seeking  their  origin  the  possi- 
lity  of  their  being  metamorphosed  gabbros  was  early  enter- 
ined  by  the  writer  ;  but  definite  facts  bearing  upon  the  ques- 
yn  have  been  difficult  to  procure.  These  gneisses  are  closely 
milar  to  the  gneissoid  phases  of  the  rock  above  described, 
id  while  this  fact  affords  no  proof  of  the  origin  of  the 
jrroxene  gneisses  in  general,  it  is,  to  say  the  least,  suggestive, 
id  may  well  help  in  further  investigation. 

Hamilton  College,  Clinton,  N.  Y.,  January,  1896. 


BT.  XXXIII. — Notes  on  Glacial  Gravels^  in  tfte  Lower  Sus- 
quehanna Valley  ;  by  Harvey  B.  Bashore. 

In  this  Journal  for  February,  1894,  in  describing  the  Har- 
sburg  Terraces,  I  mentioned  that  no  evidence  of  flooded-river 
jtion  had  been  observed  above  the  highest  gravels  then 
jported  at  that  place,  i.  e.  about  130  feet  above  the  river;  and 
jservations  since  carried  on,  go  far  to  prove  that  assertion. 
;  is  intended  to  map  out  completely  the  flooded  river  of  gla- 
al  times  from  the  southern  ice  limit  to  tide  water,  and  to 
3tain  all  the  facts  available  in  regard  to  the  Lafayette,  Colum- 
a  and  Trenton  gravels  in  this  valley,  but  the  rapid  approach 
:  cold  weather  cut  short  the  work  for  this  season. 
In  view  of  the  vast  amount  of  drainage  down  the  Juniatta 
om  glacial  Lake  Lesley,  considerable  work  was  expended  at 

*  C.  H.  Smyth,  Jr. :  Crystalline  Limestone  and  Associated  Rocks  of  the  North- 
wtern  Adirondack  Region,  Bull.  Geol.  Soc.  Am.,  yi,  p.  263. 
f  J.  F.  Kemp:  Gabbros  on  the  Western  Shore  of  Lake  Champlain,  Bull.  G^L 
c  Am.,  y,  p.  213. 
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the  month  of  that  river.  On  the  left  side  where  it  skirts  hills 
several  hundred  feet  high,  we  foand  water-worn  bowlders 
about  125  feet  above  the  stream,  but  no  higher. 

At  the  mouth  of  Losch's  run  there  were  gravels  and  some 
bowlders  on  all  the  adjoining  hills  up  to  the  height  of  125  or 
130  feet,  but  on  the  land  above  this  altitude  there  was  no  trace 
of  flood  action.  North  of  this  point  Dicks  Hill — a  mountain 
ridge,  1000  feet  high — crosses  tne  valley  of  the  Juniatta  and 
thence  continues  over  the  country  to  the  Susquehanna :  conse- 
quently on  this  triangular  tongue  of  land  extending  downward 
from  the  mountain,  between,  and  to  the  iunction  of  the  two 
rivers,  we  would  most  readily  find  the  highest  flood  limit- 
however  high  it  might  be — provided  the  flood  left  any  record, 
which  it  was  very  likely  to  do  in  the  still  water  formed  behind 
the  intersection  of  two  such  streams.  In  descending  from  the 
mountain,  where,  it  is  almost  needless  to  say,  we  found  no 
"shore  lines,'-  we  came  upon  a  broad  plateau  some  250  feet 
above  the  river,  upon  which  we  found  one  small  bowlder  at 
exactly  200  feet,  but  it  was  probably  carried  there  by  other 
means  than  the  action  of  a  flooded  river,  for  nothing  more 
came  into  sight  until  we  reached  a  somewhat  lower  point,  where 
we  found  a  line  of  bowlders,  mostly  of  Pococo  sandstone  and 
conglomeraies,  stretching  from  river  to  river — just  about  130 
feet  above  the  present  channel  (341  +  130  =  471  A.  T.) :  here 
then,  most  likely,  in  this  ancient  ''shore  line,"  was  left  the 
highest  record  of  the  great  glacial  floods :  and  a  very  distinct 
and  remarkable  record  it  is.* 

On  tlie  Susquehanna,  observation  was  made  at  the  mouth  of 
Clarks  Creek  and  adjoining  country — about  30  miles  above 
Harrisburg — but  nothing  was  found  above  140  feet,  which  cor- 
roborates the  observations  which  Prof.  Wright  made  several 
years  ago.  Investigation  has  been  made  concerning  all  reports 
of  any  higher  gravels  and  in  every  case  the  gravels  were  found 
to  be  due  to  other  than  glacial  floods. 

The  following  ease  is  interesting:  I  was  told  of  presumably 
high  gravels  on  certain  hills  west  of  Harrisburg,  in  York 
County,  some  six  miles  back  of  the  river. 

I  visited  the  place  and  there,  true  enough,  were  the  gravels 
covering  almost  every  field,  and  the  barometer  registered  4O0 
feet  above  the  river :  but  these  were  not  glacial  gravels. 

The  bed  rock  in  this  locality  is  a  red  Trias  sandstone,  which 
in  some  places  is  literally  filled  with  gravel  and  small  bowlders: 
to  the  disintegration  of  this  stone,  these  gravels  were  due, 
although  just  at  that  exact  locality  there  was  no  surface  exposure. 

One  important  fact  which  I  have  noted  in  tramping  over 
many  miles  in  this  locality  is  the  abrupt  termination  of  all  dis- 
tinct evidence  of  flooded-river  action,  at  a  point  about  130  or 
140  feet  above  the  present  channel. 

*  In  all  the  high  gravel  deposits  in  this  locality  there  occurs  some  granite- 
showing  glacial  origin. 
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IT.  XXXIV. —  The  Bearpaw  MoujitahiSy  Montaiia*    First 
Paper;    by  Walter    Harvey   Weed  and   Louis  V. 

PiRSSON. 

Introduction. — The  present  paper  gives  an  account  of  the 
Dminent  features  of  a  mountain  group  in  northern  Montana, 
consists  of  a  cluster  of  dissected  volcanoes  whose  breccias, 
BEs,  and  flows  compose  a  large  part  of  the  area,  especially  the 
irginal  region  ;  while  cores  of  massive  rock  and  associated 
ces  and  bosses  are  found  cutting  soft  Cretaceous  shales  in  the 
itral  parts  of  the  mountainous  tract.  The  rocks  present 
;ere8tiiig  examples  of  the  differentiation  of  an  alkaline 
igma,  and   consist  of   various  types  of  the  syenite  family 

igneous  rocks,  together  with  highly  differentiated  basic 
•ms  that  accompany  them.  The  only  mention  of  the  geology 
the  region  that  we  have  been  able  to  discover  is  a  brief  note 

Dr.  Waldemar  Lindgren,f  who  examined  some  specimens 
rocks,  mostly  altered,  collected  from  the  southern  foot  hills 

Dr.  C.  A.  White  in  1882. 

The  Bearpaw  Mountains  form  one  of  the  isolated  mountain 
jas  that  rise  abruptly  above  the  grassy  plains  of  central  Mon- 
la.  They  consist  of  a  group  of  peaks  and  are  not  a  true  moun- 
n  range,  and  lie  between  the  meridians  of  109°  and  110° 
«t,  and  parallels  of  48°  and  48°  50'  north.  They  are  situated 
r  to  the  east  of  the  Rocky  Mountain  front,  and  north  of  the 
ift  flowing  Missouri  River.     The  region  is  readily  accessible 

a  mail  stage  from  Chinook,  a  town  of  some  size  situated 
K)n  the  main  trans-continental  line  of  the  Great  Northern 
lilway.  The  valley  lands  of  the  eastern  part  of  the  moun- 
Ins  are  settled,  and  there  are  three  post  ofiices  in  this  portion 

the  region.  The  western  and  most  highly  accidented  part 
s  within  the  limits  of  the  Fort  Assiniboine  military  reserva- 
m. 

Topography. — In  scenery  there  is  a  strong  contrast  between 
e  billowy,  rolling  surface  of  the  plains  covered  with  glacial 
ift  and  the  abrupt  slopes  and  crag  crowned  summits  of  the 
Duntainous  tract.  Several  isolated  buttes  rising  above  the 
ain  far  out  from  the  mountains  are  genetically  connected  with 
em,  but  will  not  be  considered  here. 
Seen  from  the  level  plains,  the  mountains  present  a  skyline 

more  or  less  conical  peaks,  in  part  connected  with  one 
other,  in  part  as  separate  elevations  of  nearly  equal  height, 

*  By  permissioD  of  the  Director  of  the  U.  S.  Geological   Survey.    The  present 
)er  is  based  upon  notes  and  collections  made  by  one  of  the  authors  (W.  U.  W.) 
riDg  a  brief  visit  to  the  region  in  October,  1895. 
f-This  Journal,  vol.  xlv,  April,  1893,  p.  287. 
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with  one  prominent  higher  point.  In  reality  the  monntains  do 
not  constitute  a  chain  of  hills  hot  an  elevated  tract  40  miles 
long  and  20  miles  broad,  dominated  by  high,  prominent  peaks, 
few  of  which  are  named.  The  highest  point,  known  as  Bear- 
paw  Peak,  reaches  an  elevation  of  7,040  feet  above  the  sea, 
rising  high  above  the  neighboring  summits,  none  of  which 
exceed  6,200  feet  in  height.     Among  the  Indians  this  central 

Seak  is  called  Heart  Mountain,  or  nterally  the  Heart  of  the 
[ountains.  The  name  of  the  mountain  group  is  itself  derived 
from  the  Indian  designation  for  Black  Butte  near  Fort  Assini- 
boine,  called  by  them  the  Bear's  Paw.  The  mountains  of 
course  became  known  as  the  Mountains  of  the  Bear's  Paw. 
From  Bearpaw  Peak  the  streams  radiate  in  every  direction— 
Clear  CrecK  and  Beaver  Creek  on  the  east  and  north,  Big 
Sandy  Creek  to  the  west,  and  Eagle  Creek,  which  runs  to  the 
Missouri,  on  the  south,  the  other  streams  being  tributary  to  the 
Milk  Kiver.  Even  the  highest  and  most  rugged  parts  of  the 
region  are  easily  traversed  and  offer  none  of  the  usual  risks  of 
mountain  exploration. 

The  mountainous  tract  is  formed  of  a  central  group  of  hills 
and  ridges,  coalescing  in  the  western  part  of  the  area  where  they 
attain  their  greatest  elevation.  The  eastern  half  of  the  monn- 
tain  area  is  relatively  low  in  altitude  and  consists  of  two  chains 
of  hills  running  east  and  separated  by  the  broad  open  valley  of 
Peoples  Creek.  This  valley,  which  is  3  to  6  miles  wide,  is 
a  smooth,  grassy,  alluvial  plain  sloping  very  gently  from  the 
base  of  the  hills  to  the  stream  channel,  and  is  a  terrace  but 
little  cut  by  lateral  gullies.  It  is  eroded  in  soft  Cretaceous 
shales,  in  which  there  are  numerous  igneous  intrusions.  The 
old  outlet  of  the  valley  was  unquestionably  through  a  wide, 
flat  gap  on  the  southeast  side,  where  the  flat  terrace  level 
abruptly  divides  the  southern  line  of  hills.  The  creek 
meanders  quietly  through  an  open  bottom  with  occasional  \ 
patches  of  low  rose  bush,  but  without  trees  or  even  the  com- 
mon willow  brush.  The  mountains  on  either  side  are  smooth, 
grassy,  somewhat  irregular  and  broken,  and  show  slopes  with 
occasional  masses  of  black  or  gray  volcanic  rock  projecting 
above  them,  conspicuous  because  of  the  contrast  but  not  large 
in  amount. 

The  central  part  is  encircled  by  a  hilly  region  of  much  less 
altitude,  whose  slopes  rise  abruptly  from  the  dimpled  plain  and 
undulating  ridges  of  moraine  covered  country,  and  its  northern 
slopes  are  covered  by  forests  of  pine.  Groves  of  aspen  occur 
also  in  the  highest  valleys,  and  cottonwoods  along  a  few  of  the 
streams.  Elsewhere  the  slopes  are  smooth  and  covered  by  a 
carpet  of  grass  that  conceals  the  rocks,  making  rapid  geologi- 
cal observations  impossible. 
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featares  the  motintains  preeeut  agood  example 
in  which  the  dendritic  syateta  of  drainage 
the  marked  divereitj  of  rock  Btriictnre. 
'd,  but  the  streams  are  mostly  of  small 
1^  •!  springs.     With  one  or  two  excep- 

^  ^  %  meandering  courses  through 

"  .  willows,  show  little  evidence 

X  but  little  cutting  at  the  present 
.  the  normal  torrential  type  so  corn- 
eal ns. 


Fio.  1. — Sketch  n 


t  the  Bearpav  MU. 


Ontside  of  the  military  reservation  the  region  is  settled 
wherever  there  are  level  tracts  suitable  for  cultivation  or  for 
the  cntting  of  hay.  The  heavy  growth  of  grass  and  the  gentle, 
open  oatare  of  the  country  Iiave  been  found  especially  suitable 
for  stock  nuBiog. 
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The  highest  western  point  of  the  mountains  is  known  as 
Centennial  Batte,  and  the  isolated,  conical  elevation  standing 
at  the  extreme  east  end  is  called  Eagle  Bntte.  A  few  other 
names  in  common  use  among  the  settlers  are  given  upon  the 
accompanying  sketch  map. 

The  mountains  have  never  been  surveyed.  They  appear  on 
most  maps  of  the  State,  but  only  the  merest  approximation  to 
the  drainage  is  given,  and  the  intervening  space  is  filled  with 
meaningless  hachures.  The  accompanying  sketch  map,  com- 
piled from  various  sources  and  our  own  notes,  is  the  best 
obtainable. 

General  Geology, 

The  Bearpaw  Mountains  are  the  dissected  remains  of  a  group 
of  volcanoes  of  Tertiary  age.  Denudation  has  laid  bare  the  cen- 
tral cores  or  necks  of  the  old  vents,  surrounded  by  altered  sedi- 
mentary rocks  through  which  the  conduits  were  made.  Radial 
dikes  traverse  the  sedimentary  foundation,  and  accumulations  of 
scoria  and  various  fragmentary  volcanic  rocks  and  lava  flows 
form  the  outer  part  of  the  mountain  region  and  also  a  portion  of 
the  central  area.  The  accompanying  figure  represents  a  dia- 
grammatic cross-section  through  the  range,  showing  the  stock 
of  granular  rock  exposed  on  l^eaver  Creek  and  the  relations 
of  the  effusive  rocks  to  the  basal  platform  of  Cretaceous 
shales.  The  geology  is  interesting,  not  only  from  these  fea- 
tures, which  have  their  counterpart  in  the  neighboring  High- 
wood  Mountains,  hut  also  on  account  of  the  character  of  the 
eruptive  rocks  and  the  bearing  of  their  occurrence  upon  the 
broad  problems  of  petrology.  The  mountains  have  not  been 
glaciated,  although  the  confluent  terminal  moraines  of  the  two 
great  continental  ice  sheets  skirt  the  flanks  on  all  but  the 
southern  sides. 


..--^x. 


II 


CretaceoiiH         Massive  Tuirs 

Sti-ata.      ligneous  Hock,    and  flows. 

Fio.  2. — North  and  Soutli  section  of  Bearpaw  Mountains  through  Bearpaw  Peak 

and  15eaver  Creek  Core. 

The  sedimentary  rocks  are  Cretaceous,  and  in  part  at  least 
of  Laramie  age.  They  consist  of  a  thickness  of  2,000  to  3,000 
feet  of  dark-colored  shales,  with   interbedded  sandstones  and 
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^casional    lenticular    intercalations    of    impure    limestones. 

0  far  as  observed,  the  rocks  have  proved  nearly  barren  of 
lesils,  but  as  a  coal-bearing  series  occurring  along  Milk  River 

also  exposed  beneath  the  drift  along  the  stream  courses 
>rth  of  tne  mountain^,  fossils  will  probably  be  found  upon  a 
ose  examination  of  the  beds.*  Older  Cretaceous  strata  also 
jcor  to  the  north,  near  Havre,  where  they  have  been  identi- 
jd  by  Mr.  T.  W.  Stanton,  and  in  the  bad  lands  of  the 
[issonri  River,  where  they  have  been  studied  by  one  of  the 
ithors  (W.  H.  W.).  About  the  cores  of  granular  igneous 
►cks  the  sedimentary  beds  are  generally  highly  metamor- 
iosed,  more  especially  where  the  eruptives  are  of  basic 
'pes.  In  such  cases  the  original  character  is  obscured,  and 
le  shales  and  sandstones  are  converted  into  dense,  hard  horn- 
ones  and  quartzites  of  those  light-colored,  compact  and 
inty   rocks  of  various  shades  of    lavender,  gray,  green,  and 

1  adinole-like  character,  which  so  often  characterize  the  con- 
ict  zones  of  igneous  intrusions.  These  baked  rocks  possess  a 
larked  cubical  jointing,  which  causes  them  to  break  into  small 
igular  fragments,  so  that  imposing  exposures  are  seldom  seen, 
js,  however,  they  often  resist  erosion  better  than  the  granular 
)ck8  of  the  volcanic  cores,  the  contact  ring  generally  stands 
I  bold  relief,  forming  ridges  about  the  igneous  centers. 
There  dikes  occur  thickly  clustered,  as  is  the  case  on  the 
dge  at  the  head  of  Snake  Creek,  the  sedimentary  rocks  are 
BO  much  indurated  and  altered. 

From  what  has  already  been  stated,  it  is  evident  that  the 
lief  interest  in  the  region  lies  in  the  igneous  rocks.  The 
nusnal  character  of  the  types  represented  make  their  study  of 
nportance,  for  which  reason  the  field  occurrence  and  the 
etrographic  character  are  described  somewhat  in  detail. 

Extrusive  Mocks. 

The  extrusive  rocks  are  most  abundant,  forming  the  highest 
eaks  and  many  of  the  lesser  summits  of  the  region  ;  they 
re  the  usual  rocks  of  the  foot-hills,  where  their  richly-colored, 
)ugh  outcrops  form  crags  and  oddly  shaped  castellated 
lasses  in  strong  contrast  to  the  smooth  and  grassy  slopes 
l)out  them.  They  consist  of  dark-colored  basaltic  tuffs, 
reccias  and  lava  flows,  which  are  parts  of  the  former  volcanic 
3ne8.  The  finer  tufaceous  varieties  are  often  washed  down 
ad  form  dark-colored,  sandy  soils,  generally  well  grassed, 
'hile   the   vesicular  slaggy  rocks   and  coarser  breccias   form 

♦  We  have  been  informed  by  Prof.  0.  C.  Marsh  that  the  remains  of  a  Dinosaur 
'cuiroBauru8  breviceps  Marsh)  described  by  him  (this  Jour.,  vol.  xxxvii,  p.  335, 
189,  also  ibid,  vol.  xxzix,  p.  423,  L890),  are  stated  by  the  collector  to  have  been 
>feaiDed  in  the  Bearpaw  Mountains. 
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rough  masses  standiug  above  these  slopes.  The  ragged  hills 
forming  the  eastern  end  of  the  range  are  largely  covered  by 
these  crags,  whose  creamy  tints  of  purple,  red,  brown,  and 
gray  are  a  striking  feature  of  the  scenery.    . 

Within  the  mountain  area  the  eflEusive  fragmental  rocks  are 

Juite  irregularly  distributed.  In  general  they  rest  upon  a 
ormerly  eroded  surface  that  was  huly  in  nature ;  so  that  the 
exposures  occur  both  as  cappings  to  hills  and  in  masses  at 
lower  altitudes ;  no  definite  bedding  is  recognizable.  The 
irregular  disposition  of  these  masses  is  well  shown  in  the 
accidented  region  between  Clear  and  Beaver  Creeks,  where  the 
effusive  rocks  and  sedimentary  beds  are  exposed  at  various 
altitudes  and  without  apparent  order.  The  rocks  of  this  part 
of  the  mountains  are,  in  part  at  leasts  more  acidic  than  those 
generally  prevailing,  the  breccias  including  fragments  of 
trachytic  rocks.  The  hills  in  this  interior  part  are  smoothly 
contoured,  well  grassed,  and  show  the  black  patches  of 
gravelly  debris  so  characteristic  of  these  basaltic  accumula- 
tions and  which  accentuate  and  bring  into  strong  relief  the 
grassy  ridges  and  intervening  hollows.  The  rocks  here  also 
frequently  form  rough,  craggy  exposures,  almost  invariably 
found  upon  the  southern  side  of  the  hills. 

In  the  eflEusive  rocks  the  breccias  predominate,  with  associ- 
ated tuff  beds  and  lava  flows.  The  rocks  vary  from  compact, 
dense  basalts  showing  no  porphyritical  crystals^  to  open  porous 
forms  which  pass  into  scorias.  They  have  a  wide  range  of 
colors,  red,  brown,  gray,  in  warm  rich  tones,  more  rarely 
green  and  buff.  Thougli  varying  in  appearance  they  consist 
almost  wholly  of  leucite  basalts ;  many  varieties  have  no 
megascopic  phenocrysts,  but  most  of  them  show  a  dark 
ground-mass  peppered  with  small  white  specks  of  altered  leucite, 
while  occasionally  crystals  of  augite  are  seen,  and  more  rarely 
olivine.  Sometimes  the  breccias  contain  blocks  of  a  dense, 
black  rock  with  large  phenocrysts  of  altered  mica.  The  tuffs 
vary  from  pale-buff  or  dull-green  to  dark  red,  brown,  or  gray 
in  color,  and  are  largely  altered. 

A  specimen  selected  for  examination  representing  a  common 
variety  seen  throughout  the  mountains  but  coming  from  Bull 
Hook  Butte,  is  typical  of  the  rock  forming  the  larger  blocks 
and  fragments  in  the  breccias.  The  rock  is  of  a  verv  dark- 
gray  color,  ratlier  compact  on  the  whole,  though  on  jointing 
surfaces  it  seems  rather  porous,  and  this  is  probably  due  to 
the  weathering  out  of  an  iron-bearing  component;  on  a 
completely  weathered  surface  it  becomes  of  a  leather-brown 
color. 

On  fresh  surfaces  one  readily  detects  yellowish  grains  of 
olivine,  passing  at  times  into  a  chestnut-red  color  and  1  or  2"" 
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loDg,  black  prisms  of  aagite  of  about  the  same  size  or  larger, 
and  round  white  or  very  pale  greenish  grains  of  leucite,  which 
thickly  pepper  the  dark  ground-mass  and  which  vary  in  size 
from  mere  white  dots  up  to  O'S"™  across.  The  rock  strongly 
recalls  certain  of  the  south  Italian  leucite  rocks  in  which  the 
leacite  phenocrysts  are  very  small.  In  thin  section  the  rock 
is  composed  of  the  above  minerals  thickly  crowded,  so  that 
there  is  little  base. 

The  augite  is  of  the  usual  character  in  rocks  of  this  class; 
in  section  it  becomes  very  pale  in  color  and  of  a  brownish 
rather  than  greenish  tone  and  has  a  strong  zonal  structure,  is 
very  idiomorphic,  frequently  twinned  on  a  (100),  has  a  wide 
angle  of  extinction  up  to  40®  or  more,  shows  excellent  cleav- 
age and  is  very  fresh. 

The  olivine  is  generally  idiomorphic  though  occurring  at 
times  in  polysomatic  groups ;  the  large  crystals  are  fresh  and 
clear  ;  the  smaller  ones  frequently  changed  into  a  deep-brown 
or  reddish-brown  colored  substance,  which  appears  to  be  simi- 
lar to  alterations  of  olivine  seen  in  other  occurrences,*  in  this 
change  the  smaller  crystals  are  completely  altered,  larger  ones 
only  partially,  and  in  the  largest  the  alteration  -appears  only  as 
red-brown  bands  following  cleavage  planes.  We  believe  this 
to  be  due  to  a  change  in  the  iron  oxide  in  the  mineral,  and  that 
it  is  especially  iron-rich  olivines  which  are  liable  to  it. 
'  The  leucitea  under  the  microscope  are  seen  to  be  very 
thickly  crowded,  composing  the  bulk  of  the  rock.  They  are 
of  all  sizes,  from  very  minute  individuals  up  to  those  previ- 
ously mentioned.  They  are  of  rounded  forms  though  not 
generally  bounded  by  an  absolutely  sharp,  definite  line,  but 
fade  out  into  the  ground-mass  in  a  rather  ragged  indefinite 
way.  They  do  not  contain  any  of  the  inclusions  zonally 
arranged  which  are  so  frequently  seen  in  this  mineral,  but  are, 
like  the  larger  leucite  phenocrysts  in  the  leucitic  rocks,  entirely 
free  from  them;  like  these  larger  phenocrysts  they  are  fre- 
quently cracked  or  appear  in  grouped  polysomatic  forms. 
They  are  not  colorless  and  limpid  like  the  leucites  of  the  fresh 
Italian  rocks,  but  are  of  a  light-brown  color  and  appear  with  a 
low  power  very  like  a  kaolinized  orthoclase  in  character;  they 
are  perfectly  isotropic  between  crossed  nicols.  Studied  with 
high  powers  they  appear  filled  with  excessively  fine  granules, 
shreds  and  leaves  of  some  substance  so  fine  that  tney  can 
barely  be  discriminated  ;  this  material  is  unevenly  distributed 
through  them  and  does  not  act  on  polarized  light.     It  is  possi- 

*Bo8eDbu8ch.  N.  Jahrb.,  1872,  p.  59,  Phys  d.  Min.,  1892,  p.  412;  Michel 
Ldvj,  Bull.  Oeol.  Soc.  France.  3d  Ser.  xviii,  1890,  p.  831 ;  IddiDgs,  Geol.  Rureka 
Dist.,  Mon.  XX.,  U.  S..  Geol.  Sunr.,  Appendix  B,  pp.  388-390 ;  Pirsson,  this 
Joumal,  yd.  xly,  1893,  p.  381 ;  Lawsou,  Qeol.  Carmelo  Bay,  Bull.  Univ.  Cal., 
voU,  1893,  p.  31. 
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ble  that  it  may  be  original  and  represents  extremely  fine 
inclusions,  which,  had  they  been  gathered  into  larger  grains, 
might  have  arranged  themselves  zonally.  We  believe,  however, 
that  they  really  represent  a  stage  of  alteration  and  that  the 
leucites,  since  they  appear  so  exactly  like  kaolinized  orthoclaee, 
are  in  fact  partially  kaolinized.  That  some  alteration  has 
taken  place  seems  possible  from  the  fact  that  the  rock  contains 
over  35  per  cent,  of  water,  though  this  in  part  may  well  come 
from  the  including  base.  Qualitative  tests  showed  the  absence 
of  SO,  and  CI,  and  the  mineral  is  therefore  not  hauyn,  nosean, 
nor  sodalite. 

The  rock  appears  closely  related  to  the  analcite  basalts  of 
the  Highwood  Mountains  which  have  been  described  by 
Lindgren,*  who  showed  that  in  the  material  studied  by  him 
the  mineral  resembh'ng  leucite  was  really  analcite,  and  from 
the  freshness  of  the  other  components  he  was  inclined  to  regard 
it  as  of  primary  origin.  In  the  course  of  our  own  work  in  the 
Highwood  Mountains  we  have  gathered  a  large  and  varied 
collection  of  these  leucite-like  rocks  and  have  found  them  to 
consist  of  several  types,  and  we  hope  that  the  investigation 
which  we  are  now  making  of  them  will  throw  some  light  on 
the  character  and  origin  of  the  leucite-analcite  minerals.  The 
discussion  of  these  similar  Bearpaw  tvpes  is  deferred  in  conse- 
quence until  our  publication  upon  this  material,  which  will  ap- 
pear at  a  later  date. 

The  ground-mass  in  which  the  other  minerals  lie  is  very 
small  in  amount  and  consists  mainly  of  minute  black  grains  of 
magnetite,  with  tiny  microlites  of  augite  imbedded  in  what 
appears  to  be  a  colorless  ^lass. 

The  composition  of  tne  rock  from  the  foregoing  is  thus 
shown  to  be  a  very  simple  one — magnetite,  augite,  olivine,  and 
probably  altered  leucite.  There  are  no  signs  of  any  feldspar 
present,  and  the  rock  is  thus  a  leucite  basalt.  The  occurrence 
of  leucite  in  this  locality  we  shall  have  occasion  to  mention 
later,  in  connection  with  its  presence  in  some  remarkably  fresh, 
unaltered,  and  interesting  lavas  from  Bearpaw  Peak. 

Intrust oe  Rocks, 

Eagle  Butte, — The  eastern  end  of  the  mountains,  near 
Cleveland,  is  formed  of  the  sedimentary  rocks  tilted  near  the 
postofRce  at  angles  of  15°  to  20"  to  the  southeast,  while  the 
prominent  buttes  seen  near  by  are  formed  of  igneous  intrusions 
of  basaltic  rocks.  The  extreme  easterly  point  of  the  moun- 
tains is  an  isolated  conical  hill  of  considerable  elevation,  called 
Eagle  Butte   on   the    map.     It  shows  a  cap  of  black  debris 

*  lOtli  Census  U.  S.,  vol.  xv,  p.  719.     Proc.  Cal.  Acad.  Sci.,  Ser.  2,  vol.  iii.,  p.  51. 
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xtending  downward  in  tongues  cutting  the  grassy  middle 
lopes.  The  base  of  the  bntte  is  formed  of  rough  outcrops  of 
»urplish,  reddish,  and  steel-colored  rocks,  with  fragments  of  a 
ight-colored  variety  which  seemed  to  form  a  dike  or  intrusive 
aass,  as  seen  from  the  summit  of  Gray  Butte. 

The  rock  is  a  mica-trachyte^  having  a  medium  gray  color,  is 
f  fine  grain  and  filled  with  many  very  small  glittering  black 
ablets  of  biotite  and  with  small  whitish  spots  and  specks. 
Inder  the  microscope  it  appears  very  badly  altered,  much 
Qore  so  than  the  megascopic  appearance  would  suggest.  The 
aica  is  fresh  and  recalls  that  or  minettes;  there  is,  moreover,  a 
;reat  deal  of  it,  and  it  is  strongly  pleochroic  and  very  idio- 
Qorphic. 

The  rock  is  filled  with  masses  of  calcite,  which  appears  due 
i>  the  decomposition  of  augite ;  some  may  possibly  have  been 
Qtroduced.  Secondary  quartz  also  appears  filling  cavities. 
There  are  a  number  of  phenocrysts  of  feldspar  generally  show- 
Dg  both  albite  and  carlsbad  twinning;  one  of  these,  oriented 
n  the  zone  001  on  100  perpendicular  to  010,  gave  extinction 
ngles  with  the  Bertrand  ocular  for  the  albite  twins  a  =  19° 
/  =  19,  the  carlsbad  twin  gave  9°,  and  hence  the  plagioclase  is 
ndesine.  The  ground-mass  is  made  up  of  lath-shaped  feld- 
pars,  which  are  so  much  altered  that  it  cannot  be  safely  told 
whether  a  plae^ioclase  which  is  present  or  alkali  feldspar  pre- 
lominates.  The  alkali  feldspar  appears,  however,  to  predom- 
nate.  It  is  certainly  present,  as  a  little  interstitial  quartz 
>ermits  the  recognition  by  Becke's  method  that  some  less 
Itered,  unstriated  grannies,  have  in  all  positions  less  refraction 
han  the  quartz.  The  rock  appears,  therefore,  to  be  a  transi- 
ion  form  between  a  mica-andeaite  and  a  mica-trachyte  so  far 
&  can  be  told. 

Gray  Butte  is  the  most  western  of  the  isolated  group  of  three 
ilevations,  which  forms  such  a  prominent  feature  oi  the  east 
ind  of  the  mountains.  Unlike  its  neighbors  it  is  rugged  in 
ppearance,  showing  bold  exposures  of  massive  rock  with  talus 
)i  large  blocks  covering  the  slopes  below.  The  lower  part  for 
100  to  300  feet  above  the  base  is  a  steep  slope  cut  in  soft  black 
hales  that  show  no  fossils  and  are  apparently  horizontal. 
The  shaly  beds  are  cut  at  the  southwestern  base  by  a  dike  of 
lecomposed,  hornblendic  trachyte.  The  butte  above  is  formed 
)i  an  intrusive  mass  of  massive,  alkali  quartz-ay enite-porphyry^ 
)reaking  up  through  the  shales  in  a  boss  a  half  mile  wide. 
The  gray  color  of  the  outcrops  and  debris  piles  which  gives  the 
lame  to  the  batte  is  due  to  lichens,  as  the  rock  is  a  pale-green 
>n  fresh  fracture,  becoming  pink  on  weathered  surfaces.  The 
hales  are  slightly  altered  for  a  few  yards  distant  from  the 
contact.     The  rock  occurs  in  place  on  the  summit  of  the  butte, 
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where  it  forms  a  massively  jointed  wall  extending  north  and 
south  along  its  crest,  while  below  large  tains  blocks  cover  a 
steep  slope  extending  down  to  the  top  of  bold  cliffs  of  the 
same  rocK.  The  cliflfs,  seen  from  the  surrounding  country, 
form  the  most  noticeable  feature  of  the  butte.  On  three  sides 
they  form  an  almost  insurmountable  wall,  over  a  hundred  feet 
in  height.  In  these  cliffs  the  syenite-porphyry  has  a  massive, 
platy  structure,  the  lamination  being  parallel  to  the  outer  SQr- 
face  of  the  cliffs,  dipping  on  all  sides  away  from  the  butte  at 
30**  to  45**.  Tliongn  the  rock  sometimes  breaks  along  these 
planes  and  forms  a  smooth  rock  slope,  the  exposed  face  of  the 
cliffs  is  generally  much  steeper  and  corresponds  to  a  jointing 
of  the  rock.  The  debris  consists  of  blocks,  often  8  feet  in 
diameter,  with  very  little  material  less  than  a  foot  across. 

The  weathered  rock  has  a  botryoidal  surface  that  is  rather 
characteristic.  No  difference  is  recognizable  between  the  rock 
forming  these  cliffs  and  that  of  the  summit  of  the  butte,  either 
in  the  nature  or  relative  amounts  of  the  component  minerals, 
or  in  the  granularity  or  physical  structure.  It  appears  prob- 
able, however,  that  erosion  has  as  yet  only  exposed  the  outer 
part  of  the  boss,  and  that  both  summit  and  side  show  only  the 
outer  portion  of  the  intruded  mass. 

On  a  surface  of  fresh  fracture  the  rock  is  a  very  pale-gray 
color  mottled  with  very  pale-pink ;  on  a  somewhat  weathered 
surface  these  contrasts  of  coloring  are  accentuated.  Upon 
closer  examination  the  rock  is  seen  to  be  chiefly  composed  of 
large,  thickly  crowded  crystals  of  feldspar,  held  in  a  dense 
pale-green  ground-mass  that  is  speckled  with  small  black 
augite  crystals.  The  pale-pink  tone  of  the  rock  is  due  to  these 
thickly  crowded  phenocrysts  of  feldspar.  The  black  augites 
which  occur  plentifully  scattered  through  the  ground-mass 
rarely  attain  a  length  of  2'°"'.  The  feldspar  phenocrysts  are 
stout  in  habit  and  vary  in  size  from  one  to  one-naif  centimeter 
in  length.  They  usually  possess  the  orthoclase  habit,  are  very 
rarely  clear  glassy  and  sanidine-like,  and  are  developed  in 
short,  stout,  columnar  forms  on  the  clino  axis ;  they  are  apt  to 
be  more  or  less  rounded  and  anhedral.*  When  idiomorphic 
they  show  the  common  planes  w(llO),  J(OIO),  and  c(001). 
They  are  frequently  carlsbad,  less  often  baveno  twins.  A  few 
sporadic  grains  of  quartz  have  also  been  observed,  though  they 
do  not  appear  to  be  at  all  common. 

*  A  term  suggested  for  rounded  formless  masses  which  do  not  show  ootwtrd 
crystal  form.  See  report  of  the  winter  meeting  of  the  Geol.  Soc.  Ann.  1895,  in  iti 
proceedings,  also  abstracts  in  this  Journal,  p.  150,  vol.  i,  1896;  Jour.  QeoL  to). 
iv,  1896,  p.  128.  It  has  been  suggested  that  the  terms  anhedron  and  anbedral 
conflict  with  allotriomorphic ;  this  is  by  no  means  the  case,  since  allotriomorpbie 
ii  a  term  of  structure  denoting  a  formal  relation  of  parts,  while  anhedron  is  indi- 
vidual and  used  in  a  crjstallograpbic  sense. 
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Under  the  microscope  the  rock  is  found  to  be  composed  of 
apatite^  (Bgirite-augite^  alkali  feldspars  and  quartz. 

The  cegirite-atigite  has  the  nsnal  characters  of  this  mineral ; 
a  clear  light  grass-green  color,  pleochroism,  thongh  not  strong, 
into  tones  of  yellow,  an  excellent  cleavage,  and  is  usuallj 
quite  idiomorphic.  It  is  zonally  bailt,  increasing  in  the 
segirite  molecule  towards  the  periphery,  and  has  in  these  parts 
a  corresponding  decrease  in  the  angle  of  extinction.  It  has  in 
many  cases  a  prononnced  dispersion  of  the  optic  axes,  which 
ifl  probably  owing  to  the  presence  of  titanium. 

Since  the  mineral  composition  of  the  rock  is,  as  indicated 
above,  so  simple,  we  may  reckon  out  of  the  bulk  rock  analysis 
the  chemical  composition  of  this  augite,  which  then  has 
approximately  the  following  composition  : 


SiOa 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

15-3 

22-1 

1-8 

8-6 

13-6 

8-6  =  100-0 

corresponding  in  round  numbers  to  two  molecules  of  diopside 
to  one  of  segirite. 

The  apatite  has  been  seen  only  in  a  very  few,  rather  large, 
scattered  grains ;  the  small  amount  of  it  is  indicated  in  the 
minute  quantity  of  phosphoric  anhydride  shown  in  the 
analysis. 

The  large  feldspar  phenocrysts  between  crossed  nicols 
appear  homogeneous  and  in  general  untwinned,  except  an 
occasional  carlsbad.  In  some  places  areas  of  kaolinization 
occur,  otherwise  they  are  quite  fresh.  The  cleavages  parallel 
to  b  (010)  and  c  (001)  are  both  excellent  and  furnish  good 
plates  for  optical  examination  :  such  plates  parallel  to  c  (001) 
extinguish  at  about  one  degree  from  the  trace  of  i  (010)  while 
plates  parallel  to  h  (010)  extinguish  positively  at  10**  30'  to  11° 
30'  from  the  trace  of  c(OOl)  and  show  in  convergent  light  a 
positive  bisectrix  nearly  centered  in  the  field.  The  feldspar  is, 
therefore,  not  orthoclase  but  anorthoclase^  as  must  indeed  be 
expected  from  the  rock  analysis.  It  seems  to  be  closely  rela- 
tea  to  the  cryptoperthite  described  by  Brogger.*  A  notice- 
able feature  of  these  phenocrysts  is  that  they  contain  certain 
quantities  of  slender  microlites  of  a  striated  feldspar.  While 
tnese  are  apt  to  be  scattered  through  the  phenocrysts  they  are 
especially  found  arranged  in  a  zone  around  the  edge  and  pro- 
jected vertically  from  the  plane  faces  inward,  as  illustrated  in 
fig.  3,  which  shows  the  phenocrysts  and  the  character  of  the 
rock  in  a  diagrammatic  way.  The  great  majority  of  these 
slender  feldspar  microlites,  no  matter  how  twinned,  extinguish 
parallel  to  the  plane  of  the  nicols  or  nearly  so,  and  Becke's 

*Muiera]ien  der  Syenit-pegmatit  Gaoge,   Zeit.   fiir  Krjst,   vol.  xiv,  p.   524^ 
1S89. 
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method  ahows  that  they  have  a  higher  index  of  refraction 
than  the  anorthoclase  in  which  they  lie.  They  are,  therefore, 
oligodaae.  Others  much  more  rarely  extiDgnish  at  angles 
which  reach  a  maximum  of  16°  (in  sections  perpendlcnlar  to 
010);  one  of  these  that  gave  this  maximum  showed  the  exit 
of  a  negative  bisectrix,  and  the  plane  of  the  optic  axes  stood 
at  74°  to  the  trace  of  010 ;  the  section  showed  both  carlabad 
and  albite  twinning,  and  both  sets  extinguish  and  illominate 
nearly  simnltaneousi;.  This  is  consequently  albite,  and  Becke's 
method  shows  its  refraction  to  be  higher  than  the  anortho<iaie. 
Thns  these  microlites  vary  in  com  position. from  albite  tooligo- 
clase,  the  majority  being  the  latter.  A  closely  related  occur- 
rence with  albite  microlites  is  described  by  Brogger.*  It  is 
thought,  in  the  present  case,  tiiat  the  phenocrysts  having 
originally  formed  at  considerable  depth  were  afterwards  mostlj 
re8orbed,as  some  of  them  plainly  sliow  by  their  rounded  and  , 
corroded  forma.  An  example  is  to  be  seen  in  fig,  3.  In  the 
later  process  of  crystallization  these  were  restorea  and  a  simnl- 
taneous  crystallization  of  the  oligoclase  took  place,  the  two 
arranging   themselves  as  seen  in  the  figure. 


Fio  3, — Syonito  Porphyry  ot  Gray  Butte,   x  H,  actual  field  i 


The  ground-maaa  consists  of  very  small  allotriomorphic 
grains  of  feldspar  with  occasional  ones  of  pyroxene.  The  small 
feldspar  grains  are  pretty  turbid  from  kaolinization  ;  they  do 
not  snow  any  twinning,  but  with  very  high  powers  between 
crossed  nicols  they  sIiow  a  mottled,  zoned,  or  flamed  appear- 
ance in  tones  of  gray  and  white.  Beche's  process  shows  that 
their  refraction  ie  always  less  than  that  of  quartz,  and  hence 
•  GrorudU-TiDguait  Serio,  p.  IT,  188 J. 
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they  are  various  mixtures  of  alkali  feldspars,  which  agrees  with 
the  rock  analysis.  Nothing  definite  concerning  them  coald  be 
made  oat  by  examination  in  convergent  light. 

The  qiuirtz  is  clear  and  limpid  and  occupies  minute  irregu- 
lar areas  between  the  feldspars ;  a  few  larger  grains  were  seen. 
It  is  small  in  amount  and  it  does  not  appear  very  evenly  dis- 
tributed, some  areas  being  much  richer  in  it  than  others. 

Au  occasional  small  zircon  and  one  or  two  scattering  hiotite 
leaves  complete  the  list  of  minerals.  The  rock,  with  the  excep- 
tion of  the  slight  kaolinization  mentioned,  is  very  fresh.  An 
analysis  of  it,  made  for  us  by  Dr.  H.  N.  Stokes,  in  the  labor- 
atory of  the  U.  S.  Geol.  Survey,  resulted  as  follows : 


I. 

II. 

III. 

IV. 

SiO,.  . 

66-22 
16-22 

65^64 
17.81 

66-13 
17-40 

64^63 
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18^16 
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1-98 
•16 

•74 
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I  2-19 

3-06 
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•04 

•60 
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5^80 

^                                                         ^ 
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I.  Quartz-syenite-porphyry,  Gray  Butte,  Bearpaw  Mountains, 
Montana.     H.  N.  Stokes,  anal. 

II.  Quartz-syenite,  Highwood  Peak,  Highwood  Mountains, 
Montana.     L.  v .  Pirsson  and  W.  L.  Mitchell,  anal. 

III.  Porphyritic  quartz-syenite,  near  Thinghoug,  So.  Norway, 
G.  Sa,rnstr5m,  anal.  (BrOgger  Min.  Syeuit  pegmatit  gSlnge, 
1889,  p.  46.) 

IV.  Quartz-syenite  (dike),  Fourche  Mountains,  Ark.  R.  N. 
Brackett,  anal.  (Igneous  Rocks  of  Ark.,  J.  F.  Williams,  Rep. 
State  Surv.,  1890,  vol.  ii,  p.  96.) 


296     Weed  and  Piraaon — Bearpaw  Mountains^  Jfantana, 

This  analvBis  shows  very  clearly  the  alkaline  character  of 
the  rock  and  its  low  lime,  iron  and  magnesia.  The  chlorine 
and  fluorine  are  in  the  small  amount  of  apatite.  The  sulphur 
shown  must  come  from  the  traces  of  sulphide  ores  present ;  the 
titanic  oxide  is  probably  mostly  present  in  the  angite ;  a  Utile 
titanite  may  be  present,  but  has  not  been  seen.  The  barium 
and  strontium  are  probably  present  in  the  feldspars.  The 
small  amount  of  water  shows  the  freshness  of  the  rock.  Its 
simple  mineral  composition  permits  us  to  calculate  from  the 
analysis  the  proportion  of  the  different  mineral  molecules 
which  compose  it  as  follows : 

^girine  augite 8*9 

Orthoclase 34-4 

Albite 48-6 

Anorthite 1*7 

Quartz 6*5 


100-0 


The  amount  of  the  anorthite  molecule  is  a  trifle  too 
large,  the  small  quantity  of  lime  required  to  form  the  apatite 
not  having  been  deducted.  The  augite  would  have  the  com- 
position previously  given. 

For  purposes  of  comparison  some  analyses  of  quartz  syenites 
from  other  parts  of  the  world  have  been  quoted.  (The  one 
quoted  from  Highwood  Peak  is  from  a  report  in  preparation 
by  the  authors  on  the  mountain  group  of  that  name.)  These 
are  all  quartz-alkali  syenitic  rocks  and  they  belong  to  BroggeHs 
Akerite  group. 

The  contact  form  of  this  Gray  Butte  syenite  is  fine-grained 
and  resembles  the  dike  rocks  of  the  district.  The  actual  con- 
tact was  not  observed  owing  to  the  great  amount  of  talus,  but 
the  contact  form  and  the  flinty,  hardened  shales  showed  its 
proximity.  The  rock  from  the  contact  is  very  fine-grained 
and  dense ;  it  appears  exactly  like  the  ground-mass  of  the 
main  type  and  has  the  same  pale  grayish-green  color.  The 
most  noticeable  feature  is  the  almost  entire  lack  of  the  large 
feldspar  phenocrysts  which  in  the  main  type  are  so  thickly 
crowded  together  and  which  make  so  characteristic  a  feature 
of  the  main  rock.  Occasional  feldspar  phenocrysts  occur,  but 
they  are  rare,  mostly  quite  small  in  size,  and  do  not  present 
very  sharp  boundaries.  The  little  black  prisms  of  augite  are 
the  same  in  size  as  before,  but  somewhat  less  in  quantity. 

Under  the  microscope  the  contact  form  is  precisely  like  the 
main  type  previously  described ;  it  consists  of  the  same  miner- 
als— segirine-augite,  alkali  feldspars,  and  quartz.  The  struc- 
ture is  the  same  only  the  grain  is  somewhat  finer.     The  only 
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loticeable  difference  is  that  which  is  so  striking  megascopically, 
:he  lack  of  large  phenocrysts ;  a  few  indeed  do  occur  and  they 
ire  similar  to  those  previously  described  but  are  comparatively 
rerv  small. 

The  most  interesting  feature  then  of  this  contact  form  is 
the  sharp  contrast  between  its  almost  total  lack  of  feldspar 
phenocrysts,  with  the  main  type  in  which  they  occur  in  such 
^reat  size  and  profusion.  It  shows  clearly  that  these  pheno- 
vrysts  are  not  of  intratelluric  formation^  since  in  that  case 
they  should  occur  in  both  forms  alike,  but  that  on  the  con- 
trary they  have  developed  by  far  the  greatest  part  of  their 
bulk  during  the  final  period  of  consolidation,  and  thus  confirm 
the  ideas  concerning  their  formation  previously  expressed. 
Such  facts  are  of  great  importance  to  a  proper  understanding 
of  the  porphyritic  structure,  and  the  present  case  is  a  confirma- 
tion of  the  observations  of  Cross,*  who  has  thoroughly  dis- 
cussed the  bearing  of  such  facts  on  theoretical  petrology. 

Cleveland  Butte. — The  summits  south  of  Cleveland  are 
probably  formed  mainly  of  the  effusive  basaltic  rocks,  as  is 
shown  by  the  character  of  the  stream  drift  from  their  slopes, 
but  massive  rocks  also  occur.  The  summit  forming  the  eastern 
end  of  the  rans:e  of  hills  south  of  Cleveland  shows  an  intrusive 
rock  that  differs  from  those  described. 

The  rock  is  a  trachyte  of  a  medium  gray  color,  with  a  some- 
what waxy  greenish  tone.  It  is  thickly  spotted  with  small 
prisms  of  black  hornblende  of  varying  size ;  they  are  rather 
Blender  and  average  1  to  3"°  in  length ;  occasionally  they  are 
much  larger,  and  exceptional  individuals  a  centimeter  or  so 
long  are  sometimes  seen ;  quite  rarely  irregular  or  stellate 
aggregations  of  them  occur.  Feldspar  phenocrysts  are  rare; 
they  are  1  or  2°"  in  diameter.  The  dense,  greenish-gray,  feld- 
Bpathic  ground-mass  and  the  hornblendes  give  the  rock  its 
prevailing  character.     It  weathers  with  a  brownish  crust. 

In  the  section  the  hornblende  is  found  to  be  generally  idio- 
morphic  but  always  more  or  less  resorbed  and  coated  with 
borders  of  black  opacite  grains ;  in  some  cases  this  process  has 
gone  so  far  that  nothing  is  left  of  the  original  crystal  but  a 
mass  consisting  of  black  ore  grains,  shreds  of  brown  biotite 
and  granules  of  diopside  mixed  with  fibres  and  masses  of  the 
original  hornblende.  The  mineral  is  of  the  usual  olive-green 
character  with  pleochroism  into  yellowish  tones;  it  has  the 
small  angle  of  extinction  and  rather  low  birefraction  so  com- 
monly found  in  rocks  of  this  class. 

The  other  prominent  ferro-magnesian  mineral  is  a  pale-green 
diopside^  which  is  pretty  freely  sprinkled  through  the  ground- 

*  Lacoolitic  Mouutain  Groups,  etc.,  Hth  Ann.  Rep.  U.  S.  Geol.  Surv.  for  1892- 
1893,  p.  228  et  seq.     Waahington,  1895. 


298     Weed  and  Pirsson — Bea/rpaw  MbuntaifUfj  Montana. 

mass  in  well  formed  crystals  which  average  a  smaller  size  thin 
the  hornblende.  Unlike  the  latter  it  is  always  fresh  and 
unaltered. 

The  phenocrybts  of  feldspar  are  too  small  and  occasional  to 
furnish  good  material  for  optical  study.  In  the  section  thej 
are  unstriated,  untwinned,  and  have  the  mottled,  varied  appear- 
ance between  crossed  nicols  so  often  seen  in  anortboclase. 
One  section  of  the  few  that  were  found  was  cut  near  to  the 
face  J(OIO),  the  feldspar  was  not  zonal  in  its  growth  but  foil 
of  irregular  areas  having  varying  birefraction  and  different 
extinction  angles;  the  direction  of  the  base  c{001)  unfortu- 
nately could  not  be  determined,  but  contacts  with  quartz  show 
that  generally  quartz  has  a  higher  index  of  refraction  ;  in  one 
or  two  areas  it  did  not.  We  cannot  say  positively  what  the 
character  of  the  feldspar  is,  but  we  believe  it  to  be  anortbo- 
clase with  included  areas  of  an  untwinned  lime-soda  variety. 

The  phenocrysts  lie  in  a  very  fine-grained  ffroufid-niass  of 
alkali  feldspar  in  allotriomorphic  interlocking  grains,  with  here 
and  there  a  very  little  quartz.  It  is  plentifully  dotted  thron^b 
with  minute  ore  grains,  and  the  feldspar  is  somewhat  turbid 
from  kaolinization. 

The  small  feldspar  grains  of  this  ground-mass  show  charac- 
ters similar  to  the  larger  phenocrysts;  they  have  the  same 
patchy,  mottled  appearance  and  are  untwinned,  save  for  an 
occasional  example  after  the  carlsbad  law.  They  offer  only 
confused  images  in  convergent  light,  and  it  was  found  irapoe- 
sible  to  orient  and  determine  them.  The  contacts  with  qnartx, 
however,  show  that  their  refraction  is  that  of  the  alkaline  feld- 
spars, and  they  are  undoubtedly  varying  mixtures  of  the  albite 
and  orthoclase  molecules. 

Nelson  inirusives. — Near  Nelson  P.  O.  there  are  two  buttes 
which  form  prominent  land  marks  of  the  mountains.  To  the 
south  Ebony  Butte  is  a  conical  summit  with  a  black  cap  of 
debris,  while  to  the  north  Timber  Butte  rises  high  above  the 
valley  slopes.  This  hill  is  surrounded  by  an  annular  ridge 
with  intervening  hollows.  The  debris  from  the  ridge  shows  it 
to  be  a  decomposed  trachytic  rock.  A  dike  of  what  seems  to 
be  the  same  rock  forms  a  wall  exposed  on  both  sides  of  the 
creek.  The  rock  is  a  trachyte  of  a  pale  brownish-gray  color; 
it  is  thickly  speckled  with  rusty  phenocrysts  of  a  more  or  less 
decomposed  ferro-magnesian  mineral,  and  occasional  large  tab- 
ular plates  of  biotite. 

The  thin  section  shows  numerous  phenocrysts  of  axiqiU^ 
mica^  oligoclase^  and  orihodase  in  a  very  fine  ground-mass  of 
alkali  felkspar  with  a  little  quartz.  The  phenocrysts  of  augite 
and  biotite  are  almost  entirely  altered  by  decay  into  serpen- 
tine,   calcite,    chlorite,    and    ferruginous    products,    probably 
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moBtly  liinonite.  The  augite,  indeed,  has  not  been  actually 
leen,  but  its  former  presence  is  inferred  from  the  shape  of 
psendomorphs  consistinc^  of  serpentine  and  calcite.  The  feld- 
spars are  moch  fresher  but  have  also  been  attacked  by  decay, 
and  are  pretty  turbid  from  kaolin  leaves.  The  oligoclase 
whose  presence  is  inferred  from  the  constant  practically  par- 
allel extinction  of  albite  and  Carlsbad  twins  in  the  zone  100  on 
010  perpendicular  to  010,  is  not  very  common  and  appears 
only  as  a  phenocryst.  The  orthoclase  phenocrysts  are  much 
more  common  and  they  appear  to  contain  an  admixture  of  the 
soda  molecule,  as  is  usual  in  these  rocks. 

The  ground-mass  in  which  the  above  lie  is  extremely  fine- 
l^ined,  allotriomorphic,  and  with  the  exception  of  a  little 
residual  quartz  wholly  of  feldspar,  which  is  untwinned  and 
an  alkali  feldspar  and  not  an  untwinned  plagioclase,  the  pres- 
ence of  the  quartz  permitting  its  determination  by  Becke's 
method. 

People  %  Creek  Basin. — Just  above  Nelson,  People's  Creek 
has  cut  through  a  sheet  of  dark-colored  minette-like  rock, 
whose  grotesque  erosion  forms  of  3  to  4  feet  in  height  are 
seen  standing  in  relief  upon  the  grassy  bench.  This  rock  con- 
tains a  large  amount  of  mica,  making  it  a  readily  recognizable 
type,  but  it  yields  quickly  to  atmospheric  agencies  and  crum- 
bles to  a  fine  sandy  debris.  Fresh,  unaltered  material  is  very 
hard  to  obtain,  and  although  the  rock  is  a  common  one  in  the 
mountains  good  exposures  of  fresh  rock  are  very  rarely  seen. 

In  the  center  of  People's  Creek  basin  there  is  a  short  but 
very  striking  dike-like  ridge,  standing  abruptly  above  the 
gentle,  grassy,  gravelly  terrace  slopes.  The  rock  weathers  in 
huge  blocks  of  pinkish  or  flesh  color,  resembling  granite  from 
a  distance.  It  is  much  decomposed,  and  the  blocks  are  cov- 
ered by  a  thick  decomposition  crust  so  that  fresh  material 
oonld  not  be  obtained  tor  examination,  but  it  is  seen  to  be  a 
feldspathic  rock  in  which  biotite  is  the  only  prominent  pheno- 
cryst. 

Galena  Butte  {Bearpaw  mine). — Northwest  of  Nelson  is 
the  low  divide  in  the  northern  chain  of  hills,  through  which 
the  mail  road  from  Lloyd  has  been  built.  East  of  this  divide 
there  is  a  high  summit,  whose  grassy  open  slopes  crowned  by 
a  log  shaft  house  make  it  a  conspicuous  object  in  the  landscape. 
The  building  has  been  erected  over  an  ore  body  of  argentiier- 
oas  galena,  in  which  a  prospect  shaft  has  been  sunk.  The  ore 
body  occurs  near  the  margin  of  an  intrusive  mass  of  trachyte, 
which,  as  is  commonly  the  case  in  these  mountains,  has  been 
deeply  cut  by  the  drainage,  while  the  contact  zone  with  its 
denser  rock  and  rim  of  hardened  sediments  stands  out  in 
relief,  forming  the  summit  of  the  butte  and  its  most  prominent 
westerly  spurs.     The  main  mass  of  the  rock  is  a  trachyte,  gen- 

Am.  Joub.  Soi. — FouBTH  Sbbibs,  Vol.  I,  No.  4.'Apbil,  1896. 
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erally  much  altered,  in  which  large  crystals  of  white  feldspar 
occur  in  a  reddish-yellow  ground-mass.  Good  exposures  of 
the  intrusive  mass  are  rare  even  where  the  slopes  are  deeply 
cut  by  drainage  channelsy  for  the  prevalent  covering  of  grass, 
everywhere  a  feature  of  the  mountains,  often  conceals  even 
the  debris.  The  rock  is  a  trachyte  or  syenite  porphyry  which 
is  too  greatly  altered  and  decomposed  to  be  of  value  for  petro- 
graphic  study.  It  consists  of  a  brownish,  earthy,  feldspathic, 
ground-mass  filled  with  limonite  and  with  hollow  cavities 
caused  by  the  weathering  and  decay  of  a  former  iron-bearing 
mineral.  This  is  thickly  filled  with  feldspar  phenocrysts  of  a 
thick  tabular  or  short  columnar  habit  aoout  1^  in  greatest 
length.  Its  determination  as  a  rock  of  the  alkali  class  rests 
upon  the  character  of  its  contact  form. 

The  contact  form  of  the  trachyte  is  a  dark  greenish-gray 
rock  thickly  crowded  with  small  idiomo^phic  feldspar  pheno- 
crysts of  thick  tabular  form.  There  is  a  sprinkling  of  rather 
dull,  inconspicuous  black  dots  which  are  either  pyroxene  or 
micas. 

In  the  section  the  great  quantity  of  feldspar  phenocrysts  is 
very  evident.  The  great  majority  are  clear  and  nomogeneous, 
while  some  show  microperthite  intergrowths  with  albite  lamel- 
Ise.  In  a  section  parallel  to  i(OlO)  shown  by  its  outline,  high 
biretraction  and  the  exit  of  a  positive  obtuse  bisectrix,  the 
angle  ,9  was  measured  65°  and  the  extinction  was  8°  30'  plus 
in  the  obtuse  angle  /9.  A  section  perpendicular  to  the  acute 
bisectrix  a  was  examined  in  convergent  light,  but  the  hyper- 
bolas were  too  vague  and  shadowy  for  accurate  measurement 
— it  was  estimated  that  2E  was  over  (>0°  and  under  75°.  All 
these  facts  show  clearly  that  the  feldspar  is  an  alkali  one,  not 
of  the  lime-soda  group.  No  albite  twinning  occurs,  but  Carls- 
bad and  more  rarely  Baveno  twins  were  seen.  The  measure- 
ments would  point  to  the  orthoclase  nature  of  the  feldspar, 
but  it  unquestionably  contains  the  albite  molecule  to  some 
extent  as  shown  by  the  extinction  angle  on  J(OIO). 

The  dark-colored  minerals  are  occasional  small  tablets  of  a 
greenish  lepidomelane-like  mica  and  prisms  of  a  colorless 
augite  of  a  wide  extinction-angle.  This  latter  is  partly  changed 
in  some  places  to  serpentine  and  in  others  into  a  fibrous  green 
mineral  that  is  believed  to  be  hornblende.  Occasional  apatite 
and  iron  ore  occur. 

These  lie  in  an  excessively  fine-grained  ground-mass  that 
appears  to  be  composed  of  fine  feldspar  granules.  It  is  so  fine 
as  to  be  almost  cryptocrystalline,  and  even  with  very  high 
powers  little  can  be  learned  save  that  it  appears  holocrystalline, 
of  untwinned  feldspar,  and  is  filled  with  fine  ore  grains  and 
microlites  of  an  extremely  pale-green  mineral  occurring  in 
slender  needles,  and  which  is  thought  to  be  pyroxene.    This 
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dense  ground-mass  when  treated  with  acid  is  found  to  jield  a 
small  quantity  of  gelatinous  silica,  and  as  no  other  mineral 
appears  to  be  present  which  could  yield  it,  it  is  probable  that 
this  comes  from  a  small  quantity  of  nephelite  not  otherwise  to 
be  detected. 

This  rock  belongs  then  very  plainly  in  the  alkali  syenite 
series,  and  is  a  porphyry  with  a  somewhat  trachytic  habit. 
The  contrast  between  the  size  of  the  feldspar '  phenocrysts  in 
the  main  type  and  in  the  contact  form  indicates  that  they  were 
formed  in  place  and  not  brought  up  from  below,  which  idea  is 
favored  by  the  vastly  greater  number  of  them  in  the  contact 
type.  This  is  analogous  to  the  facts  shown  at  Gray  Butte  and 
mentioned  elsewhere  in  this  paper. 

The  shaft  of  the  mine  has  been  sunk  upon  a  mass  of  shonkin- 
iUy  a  dark,  basic,  micaceous  rock  which  appears  to  form  a 
dike  cutting  transversely  across  both  the  periphery  of  the 
trachyte  intrusion  and  its  marginal  zone  of  hardened,  baked 
sedimentary  rocks.  This  rock  is  of  a  moderately  coarse  grain, 
and  is  filled  with  stringers  and  thin  seams  of  pyrite.  It  con* 
sists  of  iron  ore,  apatite,  augite,  biotite,  and  soda  orthoclase 
feldspar.  It  is  moderately  coaree-granular  and  the  augite  and 
biotite  which  are  the  chief  ferro-magnesian  minerals  are 
enclosed  poikilitically  by  the  alkali  feldspar  in  broad  plates. 
The  structure  is  hypidiomorphic  and  the  rock  is  identical  with 
a  similar  one  from  an  intrusive  center  on  Beaver  Creek,  and  to 
avoid  repetition  further  details  are  deferred  to  the  more  com- 
plete petrographic  description  of  the  type  occurring  at  the 
latter  locality. 

Its  association,  however,  with  the  syenite  is  a  matter  of  great 
interest,  and  shows  that  it  is  here  the  complementary  rock 
to  that  type.  The  complementary  relation  between  syenite 
and  shonkinite  we  have  already  shown  on  two  occasions,*  and 
the  present  example  will  bo  included  in  the  second  part  of 
this  paper,  where  we  will  present  further  cases  in  the  Bearpaw 
Mountains  with  more  complete  description  and  a  fuller  dis- 
cussion. 

The  gangue  of  the  ore  body  is  a  brecciated  and  much  altered 
trachyte  or  syenite-porphyry.  The  fragments  composing  it 
are  angular,  of  vai'ying  size,  color,  and  cnaracter,  and  the  rock 
shows  considerable  pyrite  scattered  throughout  its  mass. 
Examined  under  the  microscope,  the  thin  section  shows 
nntwinned  feldspar  phenocrysts,  biotite,  and  iron  ore  in  a 
feldspathic  fi;round-mass  consisting  apparently  of  singly  or 
nntwinned  alkali  feldspars.  It  is  now  so  greatly  altered  by 
leaching  solutions,  filled  with  calcite  which  exists  everywhere 
in  thin  films,  and  the  feldspar  is  so  changed  into  sericite,  that 
it  would  not  be  safe  to  assert  more  than  this  about  it. 

♦  Bull.  Geol.  Soc.  Am.,  vol.  vi,  p.  400,  1895;  this  Jour.,  vol.  60,  p.  467,  1896. 
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Art.  XXXY. — Pleistocene  Marine  Shore-Lines  on  the  Soutk 
Side  of  the  St,  Lawrence  Valley ;  by  Robert  Chalmers^ 
of  the  Geological  Survey  of  Canada. 

[Published  bj  permission  of  ^he  Director  of  the  (zeological  Survey  of  Canada  ] 

Although  it  has  been  known  for  many  years  that  a  con- 
siderable rise  of  the  land  took  place  in  the  St.  Lawrence  Valley 
in  the  later  Pleistocene  period,  the  facts  on  which  this  concla- 
sion  was  based  have  been  few  and  disconnected.  Sir  J.  W. 
Dawson  first  showed  that  marine  deposits  of  Pleistocene  age, 
containing  fossils,  occur  on  Mount  Royal,  at  Montreal,  470  feet 
above  the  sea.*  Later,  the  same  author  found  evidences  of 
ancient  shore-lines  at  the  same  place  at  a  height  of  550  feet;t 
and  Adams  and  de  Geer  discovered  beaches  there  also  at  an 
elevation  of  600  feet  and  upwards.  Along  the  lower  St. 
Lawrence,  between  Sainte  Flavie  and  Riviere  du  Loup,  marine 
shore-lines  were  observed  by  the  writer  in  1885  at  heights 
varying  from  345  to  375  feet.  During  the  seasons  of  1894  and 
1895,  however,  an  opportunity  was  afforded  me  of  ezaminiDg 
the  evidences  of  the  Pleistocene  upheaval  along  the  south  side 
of  the  St.  Lawrence  in  much  greater  detail  than  has  heretofore 
been  done,  and  data  have  been  obtained  showing  the  extent  of 
a  differential  uplift  there  with  some  approach  to  accuracy.  The 
x)bservations  referred  to,  it  may  be  stated,  are  in  continuation 
and  extension  of  those  relating  to  changes  of  level  made  in 
New  Brunswick,  Nova  Scotia,  Prince  Eaward  Island  and  the 
Gaspe  peninsula,  the  results  of  which  have  appeared  from 
time  to  time  in  the  reports  of  the  Geological  Survey  of  Canada 
and  are  shown  on  the  maps  accompanying  them. J  In  a  report 
recently  issued,§  the  whole  of  the  work  relating  to  this  sub- 
ject in  the  eastern  maritime  provinces  is  summarized,  and  it 
will  be  seen  that  the  highest  Pleistocene  marine  shore-lines 
have  been  traced  continuously  along  the  coast  from  the  Inter- 
national boundary  between  the  State  of  Maine  and  New 
Brunswick  northward  to  the  mouth  of  the  St.  Lawrence  River, 
also  around  Prince  Edward  Island  and  the  Magdalen  Islands. 
On  the  maps  accompanying  this  report  these  shore-lines  are 
laid  down,  and  in  the  text  their  elevations  are  tabulated  and 
the  differential  movements  they  indicate  described.  This 
investigation   is  now  in  progress  along  the  south  side  of  the 

♦The  Posl-Pliocene  Geologj  of  Canada,  Can.  Naturalist,  vol.  vi,  1872. 

!Tbe  Canadian  Ice  Age,  p.  63. 
Annual   Report  Geol.  Survey  Can.,  vol.  ii,  1886,  Part  M;  ibid.,  vol  iii,  1817, 
Part  N  ;  ibid.,  vol.  iv.  1888-89.  Part  N,  with  aooompaDTing  maps. 

§  Annual  Report  Qeol.  Survey  Can.,  vol.  vli,  1895,  Part  M,  with  aooompanyiDg 
maps. 
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St.  Lawrence  Valley,  as  stated,  and  will,  if  possible,  be  con- 
tinued nntil  the  International  boundary  is  again  reached  in  the 
neighborhood  of  Lake  Champlain.  The  following  notes  on 
the  salient  features  of  these  high-level  shore-lines,  though 
incomplete,  are  offered  meantime  in  the  hope  that  they  may  be 
of  interest  to  students  of  Pleistocene  geology. 

T(/pographic  features  of  the  region  on  me  south  side  of  the 
St.  JMwrence  Jiiver. — The  border  of  the  highlands  or  moun- 
tainous country  called  the  Notre  Dame  Range,  extending  from 
the  extremity  of  the  Gaspe  peninsula  to  the  International 
boundary  in  the  State  of  Vermont,  runs  close  to  the  St.  Law- 
rence as  far  west  as  Kamouraska.  Thence  it  gradually 
recedes  from  the  river  as  we  proceed  westward  and  near  Lake 
Champlain  is  not  less  than  forty  or  fifty  miles  distant  from  the 
St.  Lawrence  River.  The  elevation  of  these  mountains  is  from 
1,500  feet  to  2,000  or  2,500  feet,  the  central  range  being  of 
course  the  highest.  Though  intersected  in  a  few  places  by 
rivers,  as,  for  example,  by  the  Ste.  Anne  des  Monts,  the  Chau- 
diere  and  St.  Francis,  the  mountains,  nevertheless,  present  a 
gradually  ascending  slope,  rising  from  the  marine  plain  of  the 
St.  Lawrence  Valley,  of  almost  unbroken  continuity  throughout 
their  whole  length.  Along  the  foot  of  the  range  lower  ridges 
extend  parallel  thereto,  especially  below  Quebec,  which,  how- 
ever, become  more  and  more  broken  and  of  less  altitude  as  we 
leave  the  higher  grounds  and  approach  the  shore  of  the  river. 
Above  Quebec  a  considerable  brejidth  of  low-ljing  country 
intervenes  between  the  mountains  and  the  St.  Lawrence, 
described  below,  in  which  few  elevations  occur. 

The  marine  plain  on  the  south  side  of  the  St,  Lawrence 
VaUey. — A  large  portion  of  the  great  marine  plain  of  the  St. 
Lawrence  Valley  lies  on  the  south  side  of  the  St.  Lawrence 
River,  i.  e.  between  it  and  the  northern  base  of  the  Notre  Dame 
Range  (the  low-lying  country  referred  to  above  being  a  part  of 
it).  This  part  of  the  plain  extends  continuously  along  the 
whole  valley,  with  hills  and  ridges,  often  isolated,  rising  here 
and  there  which  relieve  the  monotony.  Along  the  lower  St. 
Lawrence  it  is  comparatively  narrow,  in  some  places  forming 
merely  benches;  but  it  widens  as  we  ascend  the  valley.  At 
Kamouraska  it  is  from  half  a  mile  to  two  or  three  miles  in 
width;  at  Montmagny  from  two  to  five  miles;  at  Levis  it  is 
not  less  than  fifteen  miles  wide ;  at  Ste.  Ilenedine  and  the 
month  of  the  Chaudiere  River  the  width  is  about  twenty  miles, 
and  at  Ste.  Julie  and  Somerset  stations,  Grand  Trunk  Railway, 
twenty-five  miles  or  upwards.  Between  South  Somerset  and 
the  International  boundary  it  is  from  forty  to  fifty  miles  in 
width.  The  deposits  constituting  the  plain  are  Saxicava  sand, 
Leda  clay   and   bowlder-clay   with    some   residuary   material 
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beneath  in  places.  The  height  of  its  surface  above  the  sea 
varies  from  a  few  feet  to  tive  hundred  feet  or  more ;  but  the 
average  height  does  not  exceed  two  hundred  and  fifty  to  three 
hundred  feet.  As  stated  already,  it  is  traversed  by  ridges,  espe- 
cially near  the  base  of  the  Notre  Dame  liange,  where  the  plain 
is  usually  highest.  To  the  southeast  of  Ste.  Julie  and  Somerset 
stations,  Grand  Trunk  Kailway,  the  border  of  the  marine  plain, 
at  the  foot  of  the  mountains,  was  found  to  be  about  600  feet 
in  height.  From  this  point  it  slopes  away  gently  to  the 
northeast,  north  and  northwest,  and  it  would  seem  as  if  the 
margin  here  must  have  received  a  somewhat  greater  differen- 
tial uplift  than  other  parts  in  the  vicinity.  A  number  of  facts* 
which  cannot  be  given  in  detail,  lend  support  to  the  view  that 
this  local  uplift,  the  axis  of  which  is,  perhaps,  transverse  to 
the  general  trend  of  the  mountain  range,  i.  e.  approximately  in  a 
southeast  and  northwest  direction,  was  of  slightly  greater 
extent  here  than  to  the  eastward.  But  the  forces  producing 
the  general  Pleistocene  upheaval  seem  also  to  have  effected 
similar  local  deformations  in  other  places  in  the  region  on  the 
south  side  of  the  St.  Lawrence  River. 

From  the  foregoing  facts,  therefore,  it  will  be  seen  that  the 
topographical  and  physical  features  of  the  region  described 
are  such  as  would  be  likely  to  favor  the  formation  of  terraces 
or  beaches  along  the  shore  of  the  Pleistocene  sea  which  occu- 
pied the  St.  Lawrence  Valley. 

Along  the  inner  border  of  the  marine  plain  the  terraces  and 
beaches  representing  the  upper  limit  of  the  subsidence,  and 
showing  the  extent  of  the  subsequent  upheaval,  are  to  be 
found.  In  most  places  they  consist  of  a  series  of  two,  three. 
or  more,  and  are  usually  formed  of  stratified,  water-worn  mate 
rials  with  bowlder-clay  beneath.  Sometimes  they  retain  their 
original  outlines  continuously  for  considerable  distances;  in 
other  cases  they  jjre  broken  and  denuded.  The  lower  terraces 
are  always  best  preserved.  Occasionally  we  find  a  terrace  or 
water-line  cut  into  the  bowlder-clay  ;  but  as  a  rule  the  beaches 
partake  largely  of  the  character  of  those  formed  along  the  coasts 
at  the  present  day. 

Highest  Pleistocene  Shore-lines, —  Commencing  with  the 
beach  at  Gaspe  Bay,  we  shall  proceed  westward  along  the  south 
side  of  the  St.  Lawrence  River.  A  considerable  gap  lies 
between  Gaspe  and  Ste.  Flavie,  where  I  have  not  yet  been  able 
to  make  the  necessary  le veilings.  With  this  exception  the 
observations  form  a  connected  series  along  the  north  side  of 
the  Notre  Dame  Range  as  far  west  as  Somerset  station,  Gi-and 
Trunk  Railway.  From  Somerset  or  Arthabaska  westward  to 
the  International  boundary  the  beaches  have  not  yet  been 
traced  along  the  north  side  of  the  mountains. 
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The  heights  given  are  from  aneroid  readings  based  on  the 
levels  of  railway  stations,  and  are  all  referred  to  mean  sea  level. 
Those  along  the  Chaudiere  valley  are  only  approximate,  the 
shore  lines  being  some  distance  from  railway  stations ;  else- 
where they  lie  near  railways,  and  the  heights  may,  therefore, 
be  assumed  as  accurate  within  a  small  limit  of  error  : 

1.  At  Gasp^  Bay  (Ann.  Report  Gaol.  Survey 

Can.,  vol.  vii,  p.  22  M) 225  to  230  feet. 

2.  Near  Sie.  Flavie  station,  Intercolonial  Rail- 

way, three  terraces  or  beaches,  viz:  at 

246  to  250  feet,  at  300  feet  and  at 340  to  345    '* 

3.  At  Rimouski,  three  beaches  also,  viz  :  one 

at   260  feet,  another  at  330  feet  and  a 

third  at 367    " 

4.  South  of  St.  Simon  station,  I.C.R 345  and  375    " 

5.  In  rear  of  Trois  Pistoles  station,  I.C.R 345  and  375    " 

6.  South  of  Riviere  du  Loup  station,  I.C.R., 

along  the  Tcmiscouata  Ry.,  two  shore 

lines  at 350  and  420    " 

7.  Near  St.  Gervais,  southeast  of  St.  Charles 

Jet.  I.C.R.,  two  levels  at 510  ft.  and  540  to  550    " 

8.  At  St.  Anselmc  Mountain,  15  miles  south- 

east of  Levis,  several  terraces,  height  ..  540  and  555    ** 

9.  A  wide  terrace  forming  part  of  the  marine 

plain  occurs  on  the  west  side  of  the 
Etcheniin  River  above  St.  Anselme  sta- 
tion, Quebec  Central  Railway 575    " 

10.  Between  Etchemin  River  and  Sle.  Henedine 

station,  Q.C.R.,  west  of  No.  9 620    " 

11.  On    road   going   southeastward   from   Ste. 

Henedine  station,  Q.C.R.,  to  Ste.  Mar- 
guerite village,  half  a    mile    from  Ste. 

Henedine 715    " 

Further  up  hill  on  south  side  of  a  valley  ..  760    " 

12.  On  the  east  side  of  the  Chaudiere  valley  at 

Ste.  Marie _ 740  to  750    " 

13.  On  the  west  side  of  the  Chaudiere  valley, 

op|K)site  the  same  place.  . . : 760    " 

14.  Westward  near  the    head    of  Beaurivage 

River,   on   road  from  Ste.  Marie  to  St 

Sylvester 835    " 

16.  On   road    from   Ste.   .Julie   station.   Grand 

Trunk  Railway,  to  Inverness,  at  northern 

base  of  mountains,  terraces  at  850,  865     and       895    " 
16.  On  a  road  iarther  west  leading  from  Ste. 

Julie  or  Somerset  station,  G.T.R.,  towards 

St.  Joseph  and  Williams  lakes,  terraces 

also  at  northern  base  of  mountains,    at 

the   following  levels:     720   leel,  755  to 

765  feet,  well  defined,  and  a  third,  which 

is  somewhat  denuded  and  abuts  against 

an  escarpment  at ^^^    ''*' 

Gravef  hills  and  mounds  here  rise  lo  8B5  2lv\A  ^^^    ^^ 
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The  shore-lines  above  described  face  the  open  St  Lawrence 
valley,  either  where  it  is  now  occupied  by  the  sea,  or  has  been 
occupied  by  it  during  the  Pleistocene  period. 

No  fossils  have  yet  been  detected  in  the  terraces,  though 
thev  have  been  found  in  a  number  of  places  in  the  marine 
plain  of  which  the  terraces  or  shore-lines  form  the  margin. 
Very  little  search  for  fossils  has,  however,  been  made  in  them. 

The  Chaudiere  and  St.  Francis  rivers  intersect  the  mountain 
range,  along  the  north  side  of  which  the  shore-lines  have  been 
traced,  by  valleys  as  low  as  the  marine  plain  along  the  St 
Lawrence  River.  During  the  Pleistocene  subsidence  the  sea 
invaded  these  valleys,  and  shore-lines  are,  therefore,  foond 
along  the  banks  at  the  present  day.  Not  only  the  main  val- 
leys of  the  Chaudiere  and  St.  Francis  have  been  thus  occupied 
by  the  sea,  but  a  wide  extent  of  country  to  the  southeast  of 
the  mountains  referred  to  was  also  overflowed  (unless  the  rela- 
tive levels  were  wholly  different  then  from  what  they  are  now), 
and  apparently  formed  estuaries  in  which  thick  deposits  of 
stratified  sand,  gravel  and  clay  were  laid  down. 

Following  the  valley  of  the  Chaudiere  southward  from  Ste. 
Marie  w^e  find  shore-lines  in  numerous  places — one  of  these  on 
the  west  side  opposite  the  village  of  St.  Francois,  being  at  a 
height  of  870  to  875  feet.  Another  occurs  seven  or  eiojht 
miles  above  the  confluence  of  the  Du  Loup  and  Chaudiere 
rivers.  Here  an  extensive  terrace  spreads  out  in  the  valley  of 
the  latter  river  which  I  was  informed  extended  across  the 
country  to  the  Du  Loup  valley.  Prof.  J.  W.  Spencer  and  I 
examined  this  terrace  together.  In  the  valley  of  the  Chaudiere 
it  is  870  to  875  feet  high  ;  in  the  Du  Loup  valley  near  St. 
Come  it  is  slightly  higher,  being  890  to  900  feet. 

In  the  drainage  basin  of  the  St.  Francis  River,  terraces  were 
observed  which  seem  to  be  related  to  the  shore-lines  on  the 
northwest  side  of  the  intervening  mountains  and  correspond 
with  them  in  aUitnde.  One  of  these  stretches  along  the  sonth- 
eastern  base  of  Duds  well  Mountain  for  five  or  six  miles,  facing 
a  great  valley  to  the  south,  through  which  the  St.  Francis 
River  flows.     Its  height  is  from  840  to  850  feet. 

At  the  north  end  of  Lake  Meinphremagog,  and  extending 
towards  the  base  of  Orford  Mountain,  terraces  occur  composed 
of  gravel,  sand  and  clay,  resembling  the  Saxicava  sand  and 
Leda  clay  of  the  St.  Lawrence  Valley.  Fossils  have  not  yet 
been  found  in  these  depositi?,  but  no  thorough  search  has  been 
made  for  them.  The  height  of  the  terraces  is  from  860  to  865 
feet.  A  vallev  of  considerable  width  extends  from  the  north 
end  of  Lake  Memphremagog  along  the  course  of  its  outlet-— 
the  Magog  River — by  Little  Magog  Lake,  thence  to  the  main 
valley  of  the  St.  Francis  River.     Through  this  valley  the  sea 
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eonid  easily  have  reached  the  basin  of  Lake  Memphremagog 
during  the  later  Pleistocene  subsidence,  if  the  relative  levels 
then  were  not  entirely  different  from  what  they  are  at  the 
present  day.  Thick  deposits  of  stratified  sand,  gravel  and  clay 
occar  along  this  valley ;  but  I  have  not  had  time  yet  to  examine 
them  for  fossils.  Many  years  ago  fragments  of  shells  were 
fonnd  in  this  valley  near  Little  Magog  Lake  which  were 
reported  on  by  Dr.  T.  Sterry  Hunt  as  loHows:  "It  is  worthy 
of  record  that  on  Lot  6,  Range  XIV,  of  Ascot,  Mr.  A.  Michel 
detected  shells  in  clay  beds  which  were  too  imperfect  to  be 
preserved,  but  from  a  drawing  made  on  the  spot  appear  to  be 
a  species  of  Jfya."* 

Terraces  and  plains  occupying  higher  levels  than  those 
described  were  observed  along  the  Quebec  Central  Railway 
about  the  headwaters  of  St.  Francis  River,  also  on  the  divide 
between  these  and  the  Chaudi^re  waters.  Between  Tring  and 
Robertson  sta»tions  one  was  seen  at  a  height  of  about  1040  feet. 
At  the  west  end  of  Lake  Aylmer  another  occu)*s  at  about  1075 
feet.  These  were  at  first  supposed  to  be  lacustrine,  but  there 
seem  to  be  no  barriers  which  could  have  held  in  lakes  at  these 
levels.  The  terrace  at  Lake  Aylmer  is  apparently  continuous 
with  other  terraces  or  plains  surrounding  several  of  the  lakes 
in  this  vicinity.  If  these  terraces  are  marine  they  indicate  a 
greater  differential  uplift  of  this  portion  of  the  country — a 
theory  which  was  broached  on  a  previous  page, — but  in  the 
absence  of  fossils  and  of  detailed  examination  no  positive  con- 
clusion can  be  reached  concerning  them. 

In  the  valley  of  the  Coaticooke  River  high-level  terraces 
were  also  observed.  These  appear,  however,  to  be  bounded  by 
the  sides  of  the  valley  and  enclosed  in  longitudinal  basins,  nar- 
row at  both  ends,  and  sometimes  end  on  to  each  other.  The 
height  of  one  at  Coaticooke  station,  Grand  Trunk  Railway,  is 
about  1210  feet,  and  of  another  at  Norton  Mills  is  not  less 
than  1250  feet. 
•  In  regard  to  the  highest  marine  shore-line  along  the  north 
side  of  the  Notre  Dame  Mountains,  which  has  been  traced 
from  the  Gulf  of  St.  Lawrence  as  far  west  as  South  Somerset, 
Quebec,  the  question  arises  whether  it  is  likely  to  continue 
further  to  the  west  at  or  near  the  height  reached  where  we  left 
it  and  merge  into  the  Iroquois  beach  ?  The  last  mentioned 
beach  has  been  traced  along  the  south  side  of  Lake  Ontario  by 
G.  K.  Gilbert  from  Lewiston,  N.  Y.,  where  it  is  385  feet  high, 
eastward  to  Watertown,  N.  Y.,  where  the  height  is  730  feet. 
Thence  it  was  followed  by  J.  W.  Spencer,  who  contends  that 
it  16  of  marine  origin,  to  Fine,  where  the  height  attained  is 

*  Report  of  Progress,  Geol.  Survey  Can,  1863-66,  p.  87. 
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972  feet.*  Prof.  Spencer  extended  his  levellings  still  farther 
to  the  east,  along  the  northern  base  of  the  Adirondacks,  find- 
ing what  he  regarded  as  beaches  at  different  levels  up  to  1200 
and  1350  feet.  The  evidence  as  to  these  was,  however,  dis- 
puted by  Prof.  Gilbert.! 

Mr.  F.  B.  Taylor,  who  has  examined  a  number  of  the  beaches 
in  the  re^on  of  the  Great  Lakes,  regards  the  Iroquois  as  coin- 
ciding with  other  beaches  to  the  west,  and  reports  some  evi- 
dence of  marine  shore-lines  from  the  Lake  Champlain  basin. 
On  this  point  he  argues  thus :  ^'  But  if  the  sea  filled  tne  Hndson- 
Champlain  trough,  attaining  a  height  of  700  feet  or  more  at 
the  north  end  of  Lake  Champlain,  it  is  impossible  to  avoid  the 
inference  that  this  was  the  time  of  the  formation  of  the  Iro- 
quois, Chippewa  and  Herman  beaches.":|: 

Baron  de  Geer,  while  in  America,  found  a  marine  shore-line 
in  the  Lake  Champlain  valley,  at  St.  Albans,  Vermont,  658 
feet  high.§ 

The  distance  between  the  levelled  points  of  the  marine 
shore-line  of  the  St.  Lawrence  valley  and  of  the  east  end  of 
the  Iroquois  beach  is  still  so  great,  however,  that  it  seems 
scarcely  permissible  to  draw  any  inferences  as  to  their  probable 
relation  to  each  other  based  on  the  levels  now  at  hand.  Bat  if 
the  terraces  at  the  north  end  of  Lake  Memphremagog  are 
really  marine,  and  have  corresponding  terraces  on  the  north- 
west side  of  the  intervening  mountains  at  or  near  the  same 
height,  then  the  two  high-level  beaches  referred  to — the  St. 
Lawrence  and  the  Iroquois — would  thus  have  their  levelled 
points  brought  much  nearer  to  each  other,  and  may,  indeed, 
prove  to  be  one  and  the  same  beach.  In  that  case,  as  the  St. 
Lawrence  beach  is  certainly  marine,  there  would  be  no  escape 
from  the  conclusion  that  the  Iroquois  beach  is  also  marine. 
But  further  detailed  examination  and  levelling  are  required  to 
satisfactorily  determine  the  question. 

Ottawa,  February  4th,  1896. 

*This  Journal,  vol.  xl,  1890,  pp.  443-451.  The  heights  of  the  Iroquois  beach, 
etc.,  are  referred  to  sea  level,  Lake  Ontario  being  24*7  feet  high,  acconliog  to  th» 
U.  S.  Lake  Survey. 

f  Bulletin  Oeol.  Soc.  of  America,  vol.  iii,  pp.  488-496. 

t  This  Journal,  vol.  xlix,  1895,  pp.  249-270. 

§  Proc.  Boston  Soc.  of  Natural  History,  vol.  xxv,  1892,  p.  469. 


6r.  P.  Merrill — Free  Gold  in  Granite.  809 


Art.  XXXVI. — An  Occurrence  of  Free  Gold  in  Granite; 

by  George  P.  ]i[ERRiLL. 

The  specimen  described  below  was  received  at  the  National 
Museum  at  the  close  of  the  New  Orleans  Exposition 
(1884r-85).  It  was  labelled  as  simply  *'gold  ore,  Sonora, 
Mexico,"  and  appeared  on  casual  inspection  to  be  an  ordinary 
micagranite  with  small  disseminated  particles  of  free  gold 
scattered  over  the  surface.  It  was  seen  at  once  to  be  some- 
thing worthy  of  investigation,  although  at  the  time  it  was 
assumed  to  be  doubtless  a  case  of  local  impregnation  of  the 
rock  forming  the  wall  of  a  vein.  The  sample  was  laid  aside 
and  quite  forgotten  until  the  fall  of  1895,  when  the  writer's 
attention  was  once  more  called  to  it  while  preparing  for  the 
Atlanta  Exposition  a  series  of  specimens  illustrating  the  occur- 
rence of  gold  and  silver  in  nature.  It  has  now  been  the 
subject  of  more  careful  study,  with  the  results  as  given  below  : 

As  above  noted,  the  rock  *  appears  on  casual  inspection  to 
be  an  ordinary  black  mica  granite  considerably  weathered, 
somewhat  brownish  and  quite  friable.  Quartz,  feldspar  and 
black  mica  are  all  conspicuous  and  easily  determined,  the  feld- 
spars occurring  in  crystals  some  5-10™"  in  diameter.  The 
striking  feature  of  the  rock  is,  however,  an  abundant  sprinkling 
of  small  flecks  of  native  gold,  not  merely  over  the  surface,  but 
throughout  the  entire  mass  of  the  specimen,  which  measures 
some  125°*"  X  80°'",  by  40""  in  greatest  thickness. 

Under  a  pocket  lens  these  necks  are  so  abundant  that  in 
extreme  cases  a  half  dozen  or  more  are  comprised  within  a 
space  of  10""  square.  They  are  very  small,  rarely  exceeding 
a  millimeter  in  diameter,  and  are  disseminated  throughout  the 
rock,  not  only  as  interstitial  flecks  among  the  mica  scales,  but 
apparently  enclosed  in  both  the  feldspar  and  quartz  granules^ 
To  finally  determine  this  point,  a  number  of  thin  sections  were 
prepared  and  submitted  to  microscopic  examination,  with 
results  in  every  way  confirmatory. 

The  rock  fe,  as  stated,  apparently  a  normal  black  mica-gran- 
ite, the  feldspar  having  a  pronounced  micropcrthite  structure, 
and  being  in  most  cases  badly  muddied  through  kaolinization. 
The  mica  has  undergone  a  considerable  amount  of  chloritic 
alteration.  Quartz  occurs  in  the  customary  interstitial  gran- 
ular forms;  fluidal  cavities  are  neither  large  nor  abundant. 
Magnetite  is  a  common  accessory  and  more  rarely  apatite  and 
sphene.  No  sulphides  of  any  kind  were  detected.  The  gold 
occurs  associated  with  the  mica  or  again  wholly  imbedded  in 

*  Specimen  64987  U.  S.  NatioDal  Museum  CoUectioDS. 


810  O.  P.  Merrill— Free  Gold  in  GraniU. 

the  mass  of  the  quartz  grannies  and  feldspars.  In  snch  cases 
it  does  not  appear  to  have  been  deposited,  as  was  at  first  thought 
probable,  along  fissures,  as  a  secondary  constituent,  but  is  com- 
pletely  enclosed  in  the  fresh  and  unfractured  minerals  in  most 
beautifully  perfect  arborescent  and  extremely  thin,  platy  forms 
as  if  deposited  directly  from  solution.  Careful  searcli  was  made 
for  indications  of  impregnation,  by  means  of  solutions,  along 
preexisting  fractures  or  cleavage  planes.  But,  while  in  some 
cases  the  metal  does  occur  in  thin  platy  forms  in  what  are  now 
fractures  or  minute  rifts,  there  is  nothing  to  indicate  that  these 
existed  as  such  at  the  time  the  gold  was  deposited,  but  rather 
that  they  are  due  to  the  subsequent  weathering  of  the  rock. 
The  plates  do  not  lie  in  one  common  plane,  but  are  scattered 
at  haphazard  at  all  angles  with  the  orientation  of  the  crystals 
in  which  they  are  imbedded.  Moreover  many  of  the  forms 
are  so  branched,  moss-like  or  arborescent,  that  it  is  impossible 
to  consider  them  as  formed  in  this  manner.  No  pyrite  or 
other  sulphides  or  their  decomposition  products  can  be  detected. 
There  is  apparently  no  way  of  accounting  for  the  gold  other 
than  by  considering  it  an  original  constituent  of  the  rock,  a 
product  of  cooling  and  crystallization  from  the  original  magma. 
This  of  course  on  the  supposition  that  the  rock  is  a  true  gran- 
ite, which  it  in  every  way  resembles. 

This  occurrence  is  of  unusual  interest,  if  not  of  importance. 
So  far  as  the  writer  is  aware,  nothing  quite  comparable  with  it 
has  been  noted. 

J.  B.  Jaquet  has  briefly  described  and  figured  *  an  occur- 
rence of  free  gold  in  microcline,  the  rock  in  which  the  latter 
occurs  consisting  essentially  of  microcline  and  quartz,  impreg- 
nated with  hematite.  He  remarks  that  it  somewhat  resembles 
the  coarsely  crystalline  granite  found  in  the  schists  of  the 
region.  Adams  and  Dawson  have  described  f  the  ore  of  the 
Treadwell  mine,  Alaska,  as  a  hornblende  granite,  "much 
crushed,  altered,  and  impregnated  with  secondary  quartz, 
calcite  and  pyrite,"  the  last  named  carrying  the  gold,  a  consid- 
erable portion  of  which  is  free.  In  the  present  instance,  how- 
ever, the  granite  is  altered  only  by  the  ordinary  processes  of 
superficial  weathering,  and  as  above  noted  contains  no  pyrite 
or  other  sulphides.  The  occurrence  of  the  gold  completely 
imbedded  in  the  clear  glassy  quartz  and  unfissured  feldspars 
apparently  precludes  the  possibility  of  a  secondary  origiD. 
The  beautiful,  highly  lustrous  yellow  metal  stands  out  in  the 
flections,  clear   and    distinct,  whether   in    quartz    or   feldspar, 

♦  Geol.  of  the  Broken  Hill  Lode,  etc.,  Mem.  Geological  Survey  of  N.  S.  Waki, 
Australia.  No.  6,  1894. 
\  Am.  Geologist,  Aug.  1889. 
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without  a  trace  of  iron  staining  and  with  no  cavities  left  by 
pyritiferouB  decomposition  (see  ngs.  1  and  2). 


FiQ.  1. — Free  gold  in  feldspar 

Fifi.  2  — ^Free  gold  in  quartz.    Gk>ld  indicated  in  black. 

The  Museum  has  no  record  as  to  the  occurrence  of  this  ore. 
But  if,  as  is  apparent,  it  is  a  normal  granite,  the  occurrence  is 
of  importance  in  its  bearing  upon  the  question  of  the  origin  of 
the  gold  in  veins  and  other  secondary  deposits. 

National  Museum,  Mar.  2,  1896. 


Supplementary  Note. — Since  the  above  was  in  type  the 
writer's  attention  has  been  called  by  Mr.  W.  Lindgren  to  an 
article  by  W.  Moricke  (Tschermak's  Min.  u.  Petr.  Mittheil.  iii, 
1891)  on  Chilean  ore  deposits,  in  which  free  gold  is  described 
as  occurring  in  a  quartz-trachyte.  The  metal  is  visible  with 
the  aid  of  the  microscope  and  is  found  both  in  glassy  (pech- 
stein)  and  crystalline  varieties.  It  is  regarded  by  MoricKC  as 
an  original  constituent. 
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Art.  XXXVIl— ^  Theory  of  the  ''X-Raye;''    by  Albmt 

A.    MiCHELSON. 

The  principal  facts,  which  any  satisfactory  theory  of  the 
'^ X-rays"  is  called  upon  to  explain,  may  be  summarized  as 
follows : 

1.  The  production  of  the  rays  by  electric  impulse,  at  the 
cathode,*  in  a  highly  exhausted  enclosure. 

2.  Propagation  in  straight  h'nes  and  absence  of  interference, 
reflection,  refraction  and  polarization. 

3.  The  importance  of  density  of  the  medium  as  the  deter- 
mining factor  in  the  transmission  of  the  rays. 

4.  The  production  of  fluorescence  and  actinic  effects,  and 
the  action  on  electrified  conductors. 

Two  theories  have  been  proposed  to  account  for  these 
remarkable  phenomena:  (1)  the  theory  of  longitudinal  waves; 
(2)  the  theory  of  projected  particles. 

In  reference  to  the  first  theory  it  may  be  said  that  unless  it 
is  proved  that,  an  oscillatory  discharge  is  essential  to  the  pro- 
duction of  the  X-rays,  there  can  be  no  reason  for  supposing 
that  these  rays  are  of  a  j)eriodic  nature — that  they  are  wave- 
motion  as  commonly  understood.  The  absence  of  interference, 
reflection  and  refraction  is  also  a  veir  formidable  difficulty. 
Attempts  have  been  made  to  account  for  the  absence  of  these 
invariable  accompaniments  of  every  known  form  of  wave- 
motion,  but,  as  I  think,  with  very  indifferent  success. 

The  most  serious  difficulty  in  the  second  theory  is  the 
attempt  to  explain  the  passage  of  the  electrified  particles  of 
the  residual  gas  (or  of  the  electrode)  through  the  walls  of  the 
vacuum  tube.  The  query  at  once  arises,  if  glass  is  permeable 
to  these  particles  in  virtue  of  their  relatively  great  velocity, 
why  is  it  not  permeable  (in  lesser  degree)  to  the  same  particle! 
moving  with  smaller  velocities  ?  That  it  is  not,  is  evident  from 
the  fact  that  vacuum  tubes  retain  their  high  degree  of  exhaus- 
tion unimpaired  for  years. 

In  view  of  these  difficulties,  1  would  propose  a  third  theory, 
which  may  be  called  the  "ether-vortex"  theory. 

Let  it  be  supposed  that  the  X-rays  are  vortices  of  an  inter- 
molecular  medium  (provisionally,  the  etherf).     These  vortices 

*  Even  sliould  fiirtlier  experiment  prove  that  the  X-rays  proper  originate  at 
the  first  obstruction  encountered  by  the  discharge,  the  fact  remains  that  this  dis- 
charge originates  at  the  cathode. 

f  A  possible  objection  occurs  to  the  formation  of  ether-vortices  in  a  medium 
which  is  usually  considered  free  from  viscosity;  but  the  fact  that  vibratiDg 
molecules  can  and  do  communicate  their  motions  to  the  surroundiDg  ether  shows 
that  the  communicaiion  of  vortex  motion  may  also  be  possible. 

Though  not  a  necessary  part  of  the  theory,  it  may  be  considered  that  tl» 
expulsion  of  the  ethcr-vorticcs  is  due  to  an  accumulation  of  ether  in  the  cathode, 
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are  produced  at  the  surface  of  the  cathode,  by  the  negative 
charge,  which  forces  them  out  from  among  the  molecules  of 
the  cathode. 

Let  us  now  apply  the  tests  above  mentioned. 

According  to  this  theory,  an  oscillatory  discharge,  while  it 
may  be  just  as  effective  as  a  series  of  separate  impulses,  is  not 
essential  to  the  formation  of  the  vortices.  The  vortices  being 
forced  outward  from  the  surface  of  the  cathode  by  the  nega- 
tive charge,  the  effect  of  the  positive  charge  at  the  anode 
would  be  to  drive  them  in.  Hence  their  appearance  at  the 
cathode  alone. 

One  of  the  greatest  puzzles  connected  with  the  behavior  of 
the  X-rays  is  the  fact  that  while  they  can  pass  almost  unim- 
peded through  air  at  atmospheric  pressure  (let  alone  water, 
glass,  wood,  iiesh,  bone,  and  metals)  when  once  outside  the 
enclosure  in  which  they  are  produced^  they  cannot  even  reach 
the  walls  of  the  enclosure,  except  there  be  a  very  high  vacuum 
within.  This  problem  receives  a  very  natural  solution  if  it  be 
considered  that,  in  order  that  ether-vortices  may  result  from 
the  electrical  impulse,  this  impulse  must  be  communicated  to 
them  ;  and  must  not  be  dissipated  in  the  interchange  of  molec- 
ular charges  which  accompanies,  or  rather  produces,  the  dis- 
charge at  moderate  or  high  pressures. 

As  exhaustion  proceeds  there  are  fewer  molecules  present  to 
effect  this  discharge  with  sufficient  rapidity,  and  as  this  limit  is 
approached  there  wilj  be  a  division  of  the  energy  of  the  elec- 
tric impulse  between  the  electrified  molecules  and  the  ether- 
vortices,  and  in  the  end  all  the  energy  of  the  discharge  will  be 
confined  to  the  latter. 

The  reason  for  the  non  appearance  of  the  rays  under  ordi- 
nary conditions  is  not  that  the  rays  cannot  reach  the  walls  of 
the  enclosure  or  pass  through  them,  but  that  they  cannot  form 
at  all.  The  propagation  of  vortices  in  straight  lines,  the 
absence  of  interference  phenomena,  of  reflection,  refraction  and 
polarization,  follow  from  the  properties  of  vortices,  and  from 
the  absence  of  anything  corresponding  to  a  wave-front.  The 
passage  of  an  ether-vortex  through  a  mass  of  matter  may  be 
compared  with  a  passage  of  a  smoke- ring  through  a  wire  gauze 
screen  or  a  series  of  such  ;  and  as  the  motion  of  the  rings  is 
more  impeded  the  greater  the  diameter  and  the  number  of  wires 
per  unit  volume,  so,  the  greater  the  number  and  the  size  of  the 
molecules — that  is,  the  greater  the  density — the  more  effective 
will  the  medium  be  in  dissipating  the  energy  of  the  ether  vor- 
tices. 

and  this  would  lend  support  to  the  theory  that  tliis  accumulation  is  not  merely  a 
r«8uU  of  the  negative  charge,  but  that  this  excess  of  ether  is  what  constitutes 
the  negative  charge. 
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The  production  of  fluorescence,  actinic  efl^ecta,  and  the  diasi- 
pation  of  electric  charges  by  h'ght  (which  is  an  ether  motion) 
would  make  it  at  least  probable  that  similar  (though  perhaps 
not  identical)  eflfects  would  be  produced  by  the  motions  of 
ether-vortices. 

Professor  J.  J.  Thomson  has  measured  the  velocity  of 
cathode-rays  and  obtained  a  result  so  very  far  less  than  the 
velocity  of  light  as  to  preclude  entirely  the  idea  of  there  being 
any  connection  between  the  two.  If  these  results  can  be  made 
to  apply  to  the  X-rays,  the  analogy  with  the  properties  of 
smoke-rings  would  lead  us  to  expect  such  a  result  The 
cathode  rays  have  been  shown  by  Lienard  to  have  a  considera- 
ble range  in  their  properties,  depending  on  the  mode  of  their 
origin.*  It  seems  likely  that  their  velocities  are  to  a  consid- 
erable extent  dependent  on  the  potential  and  the  suddenness  of 
the  electrical  impulse ;  and  if  this  were  shown  to  be  true  of  the 
X-rays,  it  would  be  to  that  extent  a  confirmation  of  the  theory. 

The  foregoing  evidence  may  be  considered  scarcely  sum- 
cient  to  entitle  the  proposition  here  advocated  to  the  dignity 
of  a  theory,  but  it  may  at  least  merit  consideration  as  a 
working  hypothesis  which  may  serve  as  a  guide  m  future 
experiment. 

*  The  diatinction  between  the  X-rays  and  the  cajthode  rajs  appears  to  be 
somewhat  artificial,  and  it  seems  probable  that  the  X-rays  are  only  cathode  rajs 
sifted  by  the  various  media  they  have  traversed. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  some  physical  properties  of  argon  and  helium, — Lobd 
Ratlbigh  has  made  a  new  determination  of  the  specific  gravity 
of  ar^n,  using  a  large  volume  of  the  gas  separated  from  atmo- 
spbenc  nitrogen  by  sparking  with  oxygen.  The  result  obtained, 
referred  to  O,  as  16,  was  1 9*940.  Professor  Ramsay  had  previously 
obtained  a  density  of  1 9*941  for  the  gas  obtained  by  the  magnesium 
method,  so  that  it  is  evident  that  the  products  obtained  by  the 
two  methods  are  identical.  The  author  has  also  determined  the 
refractivity  of  argon  and  helium,  with  the  results  that  the  refrao- 
tivity  of  argon  is  0*961,  while  that  of  helium  is  0*146,  compared 
with  air  as  unity.  The  result  in  the  case  of  argon  is  very  unfav- 
orable to  the  view  that  this  gas  is  an  allotropic  form  of  nitro- 
gen. The  refractivity  of  helium  is  remarkably  low,  the  lowest 
previously  known  being  that  of  hydrogen,  which  is  nearly  0*5  that 
of  air.  The  results  of  determinations  of  viscosity  were  for 
helium  0*96  and  for  argon  1*21,  referred  to  dry  air.  The  latter 
number  is  somewhat  higher  than  that  for  oxygen,  which  has 
stood  at  the  head  of  the  list  of  the  principal  gases  in  this 
respect.  The  author  has  found  by  spectroscopic  examination  that 
the  gas  emanating  from  the  Bath  springs  contains  both  argon 
and  helium,  with  probably  less  than  10  per  cent,  of  the  latter  in 
the  mixture  of  the  two.  Gas  from  the  Buxton  springs  was 
found  to  contain  about  2  per  cent,  of  argon,  while  the  presence  of 
helium  in  this  gas  in  very  small  quantity  was  probable,  but  not 
certain.  The  interesting  question  concerning  the  existence  of 
helium  in  the  atmosphere  was  attacked  by  allowing  the  greater 
part  of  samples  of  atmospheric  argon  to  be  absorbed  by  water 
and  examining  the  residues  by  the  spectroscope.  It  was  expected 
that  helium,  since  its  solubility  in  water  is  but  about  one-fiflh 
that  of  argon,  would  be  concentrated  in  these  residues  if  it 
were  present.  No  helium  could  be  detected  in  this  way,  and  the 
author  concludes  that  if  helium  be  present  in  the  atmosphere,  it 
must  be  in  very  small  quantity,  probably  much  less  than  a  ten- 
thousandth  part. —  Chem,  NewSy  Ixxiii,  75.  h.  l.  w. 

2.  Mixed  double  halides  of  plati?ium  ajid  potassium, — An 
investigation  of  the  compounds  represented  by  the  formula  K,Pt 
(CI,  Br)^  where  chlorine  and  bromine  exist  in  varying  propor- 
tions, has  been  made  by  Herty.  He  found  that  the  products 
prepared  under  varying  conditions  gave  no  definite  relation 
between  the  chlorine  and  bromine,  and  that  none  of  these  sub- 
stances remained  constant  in  composition  after  recrystaUization. 
The  author  therefore  arrives  at  the  conclusion  that  the  products 
are  simply  isomorphous  mixtures  of  K,PtCl,  and  K^PtBr^.  The 
previous  contrary  conclusion  of  Pitkin  and  of  Pigeon  may  be 
considered  as  unfounded  in  the  light  of  Herty's  careful  and  elab- 
orate work. — Jour,  Am,  Chem,  SoCy  xviii,  142.  h.  l.  w. 
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3.  The  relative  atomic  weights  of  oxygen  and  hydrogen, — ^A 
new  determination  of  this  important  ratio  has  been  made  by 
Julius  Thomsbn.  The  novel  feature  of  his  method  consisted  in 
evolving  hydrogen,  by  means  of  strong  potash  and  metallic 
aluminium,  from  a  weighed  apparatus  and  determining  the 
amount  of  the  element  used  from  the  decrease  in  weight  of  the 
apparatus*  The  result  arrived  at  from  a  series  of  experiments 
was 

H :  O  =  1 :  15-8690  ±  00022. 

This  result  agrees  with  remarkable  closeness  with  the  results 
of  a  number  of  other  investigators,  as  will  be  seen  from  the  fol- 
lowing list  cited  by  Thomsen  : 


Cooke  and  Richards 1 

Rayleigh  and  Scott 1 

Morley 1 

Noyes 1 

Dittmar  and  Henderson 1 

Leduc 1 


15-869 
15-862 
15-879 
15-886 
16-867 
16-881 


The  author  believes  that  the  ratio  is  now  definitely  settled 
within  very  close  limits,  and  there  is  no  doubt  that  most  chemists 
will  accept  a  ratio  very  close  to  this,  especially  in  view  of  the 
very  elaborate  work  of  Morley. — Zeitschr.  anorg,  Chem,^  xi,  14. 

H.  L.  w. 

4.  The  ayntheais  of  caffeine, — The  complete  synthesis  of  this 
important  alkaloid,  the  active  principle  of  tea  and  coffee,  has 
now  been  made  possible  by  the  work  of  Emil  Fischer  and 
LoBENZ  AcH.  The  important  step  accomplished  by  the  authors 
is  the  conversion  of  ;^-aimethyl  uric  acid,  by  the  action  of  phos- 
phorus pentaciiloride,  into  chlortheophylline.  The  latter,  by 
reduction  to  theophylline  and  subsequent  methylation,  gives 
caffeine.  The  ^-dimethyl  uric  acid  has  been  produced,  in  a 
roundabout  way  only,  from  dimethyl  urea  as  a  starting-point,  and 
the  authors  therefore  consider  the  synthesis  of  no  practical  value 
at  present  on  account  of  the  expense.  They  believe  that  their 
results  would  have  a  practical  importance  if  it  were  possible  to 
methyllate  uric  acid  directly  so  as  to  place  two  methyl  groups  in 
the  alloxan  nucleus.  It  is  their  opinion  that  as  soon  as  the  base 
becomes  a  cheap  material  through  artificial  preparation,  it  maj 
have  use  in  the  manufacture  of  substitutes  for  tea  and  coffee  to 
give  them  the  same  physiological  action  as  the  natural  materials. 
— Berichte^  xxviii,  3135.  h.  l.  w. 

5.  JFVee  hydrazine, ^CurlhWy  who  discovered  and  investigated 
hydrazine,  obtained  the  hydrate,  N,II^ .  H,0,  but  did  not  suc- 
ceed in  isolating  the  anhydrous  substance.  Lobry  dk  Brutk 
has  now  obtained  the  free  base  by  two  methods.  The  first 
method  consists  in  treating  the  hydrochloride  with  sodium 
methylate,  when  the  following  reaction  takes  place: 

N.H,.  HCl  +  NaOCH,  =  N,H,  +  NaCl  +  HOCH,. 
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According  to  the  second  method  hydrazine  hydrate  is  heated 
with  banam  oxide  at  100^  and  the  product  is  distilled  under 
diminished  pressure.  Free  hydrazine  is  a  liquid  which  boils  at 
113-5°  (at  761"^").  By  cooling  below  0°  it  solidifies,  and  it  melU 
at  + 1*4*.  Its  specific  gravity  is  about  the  same  as  that  of  the 
hydrate,  1*003  (23^).  It  is  a  very  stable  body  and  can  be  heated 
above  300°  without  decomposition.  The  halogens  act  upon  it 
with  great  violence,  and  it  acts  upon  solid  sulphur  at  ordinary 
temperature  with  the  formation  of  hydrogen  sulphide.  Oxygen 
attacks  the  base,  with  the  liberation  of  nitrogen,  when  it  is 
exposed  to  the  air.  The  author  has  also  made  the  useful  obser- 
vation that  hydrazine  hydrate  can  be  distilled  under  diminished 
pressure  from  glass  vessels,  since  under  50°  it  does  not  attack 
glass.  Curtius,  operating  under  atmospheric  pressure,  was 
obliged  to  use  a  special  apparatus  of  silver  for  the  distillation. — 
HerichUy  xxviii,  3085.  h.  l.  w. 

6.  Practical  Inorganic  Chemistry,  by  G.  S.  Turpin,  12mo, 
pp.  158,  London  and  New  York,  1895.  (Macmillan  &  Co.  Price 
^0  cents.) — This  is  a  course  of  laboratory  work  for  beginners  in 
chemistry.  The  experiments  are  very  simple  in  character,  and 
are  such  as  can  be  carried  out  by  very  youthful  pupils  with  lim- 
ited facilities.  Many  of  the  operations  are  of  a  rough  quantita- 
tive nature,  designed  as  illustrations  of  chemical  and  physical 
laws.  While  the  processes  are  clearly  described,  the  results,  in 
most  cases,  are  not  mentioned,  so  that  the  student  is  obliged  to 
observe  them  for  himself.  A  chapter  is  devoted  to  a  very  simple 
course  in  qualitative  analysis,  covering  a  range  of  seven  metals 
and  four  acids.  h.  l.  w. 

7.  Chemical  JSscperiments,  General  and  Analytical;  by  R.  P. 
Williams,  12mo,  pp.  110,  Boston,  1895  (Ginn  &>  Company). — This 
book  is  intended  for  a  somewhat  comprehensive  course  of  labora- 
tory work  in  high  schools,  academies  aqd  colleges.  The  subject 
matter  is  condensed,  abbreviated  and  tabulated  to  a  large  degree. 
It  seems  that  more  help  should  have  been  given  to  the  student  in 
the  way  of  explanations.  Upon  the  mere  mention  of  such  words 
molecule,  affinity,  stochiometry,  definite  proportion  and  the  like^ 
the  pupil  is  expected  to  study  these  subjects  ''  outside  the  labora- 
tory," and  he  is  expected  to  write  chemical  equations,  although 
none  are  given  in  the  book,  even  in  some  instances  where  the 
products  of  the  reactions  are  not  mentioned.  Unfortunately  the 
book  contains  a  number  of  astonishing  inaccuracies.       h.  l.  w. 

8.  A  Text  Book  of  Gas  Manufacture  for  Students ;  by  John 
Hornby.  12  mo.,  pp.  261,  London,  1896  (George  Bell  and  Sons). 
— This  little  book  gives  an  excellent  account  of  the  subject  in 
view.  The  chemical  and  mechanical  features  of  the  processes  are 
clearly  described  and  the  illustrations  are  numerous  and  well- 
chosen.  H.  L.  w. 

9.  Methods  of  determination  of  Dielectric  Constants. — W. 
NsBNST  refers  to  his  method  of  measuring  the  dielectric  constant 
of  insulators  and  bad  conductors  (Zeitschr.  f.  Phys.  Chem.  xiv. 
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p.  622,  1894)  and  illustrates  its  accacacy  in  comparison  with  pre- 
vious electrometer  methods  and  with  the  glass  trough  method. 
Under  his  direction  J.  F.  Smalb  has  employed  two  electrometers 
of  the  form  designed  by  Bjerknes,  in  which  a  needle  is  acted  on 
inductively  by  two  quadrants,  which  are  connected  to  the  ter- 
minals of  a  Ruhmkorf  coil.  The  needle  and  the  quadrant  are 
immersed  in  the  dielectrics  which  are  to  be  compared.  It  is 
pointed  out  that  the  needle  of  the  electrometer  must  be  placed  in 
a  comparatively  large  mass  of  the  dielectric,  which  must  also  fully 
surround  the  electrodes  or  quadrants.  J.  F.  Smale  describes  an 
ingenious  gas  regulator  to  obtain  uniform  revolution  of  the  arma- 
ture of  a  little  alternating  machine  which  excited  the  transformer 
which  was  connected  witn  the  electrometers,  which  in  turn  were 
connected  in  parallel.  Smale  found  a  satisfactory  agreement 
between  the  electrometric  method  and  the  bridge  method 
employed  by  Nernst. — Ann,  der  Phyaik  und  Chemie  No.  2,  1896,. 
pp.  209-222.  J.  T. 

10.  Dielectric  Resistance, — P.  Drude  elaborates  the  conception 
of  dielectric  resistance  to  lines  of  electrostatic  force,  analogous 
to  the  conception  of  magnetic  resistance  previously  touched  upon 
in  his  treatise  "  Physik  des  Aethers  ";  and  also  by  Professor  Nipher^ 
of  Washington  University,  St.  Louis. — Ann,  der  Physik  und 
Chemie  No.  2,  1896,  pp.  223-231.  j.  t. 

11.  Index  of  refraction  and  reflective  power  of  water  and  alco- 
hol for  Electric  Waves, — If  the  wave  length  of  electric  waves 
along  two  parallel  wires  is  measured,  first  with  air  between  such 
wires  and  afterwards  when  a  portion  of  the  space  between  them 
is  filled  with  a  dielectric,  the  ratio  of  the  resulting  wave  lengths 
will  give  the  index  of  refraction  of  the  dielectric  for  the  electric 
waves.  A.  D.  Cole,  working  in  this  manner,  has  obtained  8*95 
for  the  index  of  refraction  of  water  at  19°  C.  and  5*2  for  alcohol 
at  18"  C.  With  the  employment  of  mirrors  to  reflect  the  electric 
waves  from  the  surfaces  of  water  and  alcohol,  it  was  found  that 
Waves  5*^"  long  gave  with  reference  to  Fresnel's  formula,  both 
for  rays  polarized  perpendicular  to  the  plane  of  incidence  and 
also  parallel  to  it,  the  same  value  for  the  index  of  refraction  (cal- 
culated from  observed  reflective  power).  For  water  n=8'8  and 
for  alcohol  7? =3 -2.  With  alcohol  the  index  of  refraction  was 
much  greater  for  long  electric  waves  than  for  short. — Ann,  der 
Physik  und  Chemie  No.  2,  1896,  pp.  290-310.  j.  t. 

12.  liontgen  Rays, — Righi,  in  a  preliminary  paper  (Rendiconto 
delle  Sessioni  della  R.  Accademia  delle  Scienze  di  Bologna,  Feb. 
9,  1896),  states  that  the  Roiitgen  rays  have  the  property  of  dis- 
pelling positive  charges  of  electricity  as  well  as  negative.  Pro- 
lessor  J.  J.  TuoMsoN  has  independently  made  the  same  observa- 
tion. (Nature,  Feb.  27,  1896.)  Professor  Thomson  also  states 
that  when  the  Rontgen  rays  pass  through  any  substance  they 
make  it  for  the  time  a  conductor  of  electricity.  This  explains  the 
fact  that  an  electrified  plate  in  air  loses  its  charges  whether  it  be 
electrified  positively  or  negatively.     The  air  is  converted  into  a 
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•conductor  and  the  charge  escapes  through  it.  The  leakage  through 
non-conductors  is  due  to  a  kind  of  electrolysis,  the  molecules 
being  split  up  by  the  rays.  Professor  Thomson  thinks  that  the 
rays  are  not  all  of  the  same  kind.  Crookes  tubes  generally  improve 
for  a  time  after  they  are  sealed  off  from  the  air  pump  and  then 
begin  to  deteriorate.  Mr.  A.  A.  C.  Swinton  describes  a  simple 
apparatus  for  determining  whether  a  Crookes-tube  is  efficient. 
It  consists  of  an  opaque  pasteboard  box  with  a  simple  aperture 
at  one  end  to  which  the  eye  is  applied.  The  other  end  is  provided 
with  an  opaque  diaphragm  of  double  black  paper,  upon  the  inner 
side  of  which  is  laid  a  piece  of  blotting  paper  impregnated  with 
platino-cyanide  of  barium  in  a  crystalline  state.  Shadows  of 
objects  held  against  the  diaphragm  are  clearly  seen.  Mr.  Swin- 
ton  has  thus  seen  the  bones  in  the  thick  portion  of  his  hand. 
This  apparatus  is  similar  to  that  described  by  Professor  Salvioni 
of  Perugia. — Nature^  Feb.  27,  1896.  j.  t. 

13.  Experiments  with  the  Hdntgen  rays, — Doelter  has  re- 
<?ently  called  attention  to  the  fact  that  the  X-rays  of  Rontgen 
may  be  used  as  a  means  of  distinguishing  between  different  gems, 
aa  also  between  them  and  their  imitations.  A  true  diamond  may 
thus  be  readily  told  from  a  false  one.  While  rock  crystal,  topaz, 
t^trass  and  spinel  are  opaque  to  the  rays,  the  varieties  of  corun- 
dum (ruby,  sapphire)  transmit  them  to  some  extent.  The  usually 
accepted  relation  between  the  opacity  of  the  substance  to  the 
X-rays  and  its  density  finds  some  exceptions,  according  to 
Doelter,  among  minerals.  He  finds  sulphur  (G.  =  2)  and  realgar 
(G.  =  3-4),  quartz  (G.  =  2*6),  fluorite  (G.  =  3*1),  quite  opaque; 
<>orundum  (G.  =  4*1),  as  stated  above,  transmits  the  rays  somewhat, 
while  diamond  (G.  =  3*5)  and  graphite  (G.  =  2)  transmit  much 
better.  Most  silicates  are  opaque  ;  this  is  true  of  mica  in  layers 
of  1™™  in  thickness.  In  sections  of  ^™™  it  is  possible  to  dis- 
tinguish between  the  transmissive  powers  of  amphibole,  garnet, 
quartz,  mica,  feldspar. — Private  publication^  Gratz,  Feb.,  1896. 

14.  The  Elements  of  Physics ;  A  College  Textbook^  by  E.  L. 
Nichols  and  W.  S.  Franklin,  vol.  i.,  228  pp.,  8vo.  New  York, 
1896  (Macmillan  &  Co.). — This  volume  forms  the  first  of  a  series 
of  three  in  which  the  authors  propose  to  develop  the  fundamental 
principle  of  Physics ;  it  embraces  the  subjects  of  Mechanics  and 
Heat,  while  the  other  two  volume?  are  to  be  devoted  to  Electric- 
ity and  Magnetism,  and  Sound  and  Light  respectively.  The 
scope  of  the  work  and  the  method  of  treatment  differ  from  those 
of  many  existing  text-books  inasmuch  as  the  authors  write  for  a 
somewhat  more  advanced  grade  of  students  than  those  which 
form  the  mass  of  many  college  classes.  It  has  thus  been  possible 
for  them  to  assume  a  knowledge  of  the  Calculus  and  in  general  to 
treat  the  topics  more  concisely  and  from  the  mathematical  side; 
lop^  descriptions  of  the  applications  of  the  principles  are  thus 
avoided.  For  those  students  for  whom  the  work  is  prepared, 
who  desire  to  make  a  serious  study  of  Physics,  this  excellent  new 
text-book  cannot  fail  to  be  of  much  value. 
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II.    Geology  and  Natural  History. 

1.  Contributions  to  the  Cretaceous  Paleontology  of  the  Pacific 
Coast:  The  Fauna  of  the  Knoxoille  Bed& ;  by  T.  W.  Stanton. 
(Bulletin  U.  S.  Geological  Survey,  No.  133.)  132  pp.,  20  plate?, 
Washington,  1895  [issued  Feb.  3, 1890].  Abstract  by  the  author. 
— The  Knoxville  beds  as  described  in  this  paper  form  the  lowest 
division  of  the  Lower  Cretaceous  section  in  California,  and  are 
found  in  the  Coast  ranges  from  San  Luis  Obispo  Coanty,  Cal, 
(near  latitude  35*)  on  the  south  to  the  neighborhood  of  Seattle, 
"Washington,  on  the  north,  though  they  are  not  continuously 
exposed  throughout  that  distance.  The  name  was  first  applied  in 
1885  by  Messrs.  White  and  Becker  to  the  Aucella-bearing  portion 
of  the  ill-defined  Shasta  group.  Since  then  the  beds  have  been 
studied  more  in  detail,  especially  by  Mr.  J.  S.  Diller,  and  a  resum^ 
of  his  stratigraphic  results  is  given  together  with  the  author's 
observations  made  during  portions  of  two  field  seasons  spent  in 
the  most  important  areas. 

Lithologically  the  beds  consist  of  a  series  of  dark  clay  shales 
alternating  with  sandstones,  usually  in  thin  beds,  with  local  deposits 
of  heavy  conglomerate  and  more  rarely  small  limestone  masses. 
The  thickness  is  very  great,  always  several  thousand  feet  and, 
according  to  one  of  Mr.  Diller's  measured  sections,  reaching  a 
maximum  of  nearly  20,000  feet  in  Tehama  County,  Cal.,  where 
the  series  is  best  developed  both  faunally  and  lithologically. 

The  underlying  formations  have  not  been  very  definitely  deter- 
mined owing  to  the  fact  that  they  are  usually  unfossiliferous  and 
frequently  more  or  less  obscured  by  metamorphism  and  by  the 
intrusion  of  igneous  rocks.  The  evidence  tends  to  prove  that  the 
Knoxville  rests  on  rocks  varying  in  age  from  Carboniferous  to 
probably  Upper  Jurassic.  The  Horsetown  beds  which  rest  con- 
formably on  the  Knoxville  are,  in  part  at  least,  referable  to  the 
Gault. 

The  invertebrate  fauna  as  now  known  consists  of  77  species 
and  varieties,  of  which  50  species  and  one  genus  (Cardiniopsis) 
are  described  as  new.  Most  of  these  are  rare,  having  been  found 
at  only  one  or  two  localities,  but  the  several  forms  of  Aacella  are 
very  abundant,  often  filling  the  rocks  and  occurring  at  many  hori- 
zons. All  but  7  of  the  species  are  Mollusca,  including  33  species 
of  Pelecypoda,  1  of  Scaphopoda,  18  of  Gastropoda,  and  18  of 
Cephalopoda,  of  which  15  are  Ammonoids  and  3  are  Belemnites. 
The  ammonites  belong  to  the  genera  Phylloceras,  Lytoceras,  Des- 
moceras,  Olcostephanus  and  Hoplites,  the  last  being  especially 
well  represented.  The  other  seven  species  include  5  Brachiopoda 
and  two  Echinodermata. 

As  a  result  of  the  study  of  the  fauna  the  Knoxville  beds  are 
referred  to  the  Lower  Cretaceous  and  are  regarded  as  later  than 
the  Mariposa  beds  of  the  Sierra  Nevada,  which  are  also  Aucella- 
bearing  but  of  Jurassic  age. 
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Beds  of  Knozville  age  and  with  a  similar  faaua  occur  in  British 
Columbia  and  probably  in  Alaska  and  Mexico.  Correlation  may 
also  be  made  with  an  indefinite  upper  portion  of  the  Aucella- 
bearing  series  in  Russia,  especially  with  the  '^  Petschorian." 

It  is  a  peculiar  fact  that  this  fauna  has  nothing  in  common  with 
the  fauna  of  the  Texan  Comanche  series,  which  must  have  been  in 
part  contemporaneous.  !Not  only  are  the  species  distinct  but  even 
most  of  the  genera  are  different,  and  yet  the  eastern  sea  with  its 
Comanche  fauna  at  one  time  extended  as  far  west  as  Arivechi  in 
Sonora,  while  the  Mexican  Aucella  beds,  which  faunally  seem  to 
belong  to  the  Pacific  basin  and  in  part  comparable  with  the  Knox- 
ville,  are  much  farther  east  in  San  Luis  Potosi.  These  facts  have 
an  important  bearing  on  the  history  of  the  continent,  but  their 
exact  interpretation  must  await  more  detailed  stratigraphic  and 
faunal  studies  in  Central  Mexico. 

2.  Contribution  a  Vktude  dea  lapih, — In  a  paper  in  "  Globe^ 
journal  geographfquey'*  Tom.  xxxv,  Gen6ve,  1895,  entitled  La 
topographic  du  desert  de  Plate  (Haute- Savoie\  M.  Emile  Chaix 
has  given  a  detailed  description  of  the  peculiar  phenomena  called 
'*  Karrenfdder "  by  Heim,  Fr.  Becker  and  others,  and  "  lapiis  " 
by  Charpentier,  RoUier,  Duparc  and  LeRoyer,  etc.  Lapies  are 
barren  rock  surfaces,  high  up  in  the  Alpine  glacial  rep^ions, 
smoothed  off  in  general,  but  crossed  by  shallow  channels  or 
grooves  commonly  in  the  direction  of  the  slopes;  with  deeper 
crevasses,  continued  for  long  distances  in  a  more  or  less  straight 
line  and  transverse  to  the  slopes,  though  sometimes  crossed  by 
others  at  nearly  right  angles  and  in  line  with  the  slopes  of  the 
rocks.  The  author  has  mapped  with  great  care  the  direction  and 
position  of  the  crevasses  ot  the  Desert  de  Plate,  and  has  figured 
typical  examples  of  the  peculiar  structure  in  J  6  photogravure 
plates. 

Alter  describing  them  in  detail,  and  referring  to  the  various 
theories  offered  by  other  geologists  in  their  explanation,  he 
adopts  the  view  that  the  more  superficial  grooves  and  channels 
(ciselures  and  rigoles)  are  the  result  of  chemical  erosion  ;  and  that 
the  deeper  crevasses  are  the  result  of  torsion,  as  suggested  by 
the  investigations  'by  Duparc  and  LeJloyer.  He  concludes 
that  these  two  classes  of  phenomena,  in  the  case  of  the  D6sert  de 
Plat^,  were  produced  at  different  times,  the  latter  being  of  ancient 
and  the  former  of  post-glacial  origin,  the  edges  of  both  having 
been  more  or  less  rounded  by  later  atmospheric  and  aqueous 
agencies.  h.  s.  w. 

3.  The  geographical  distribution  of  marine  animals, — In  line 
with  Walther's  "Bionomie  des  Meeres,"  Dr.  Arnold  E.  Ortmann* 
has  contributed  some  interesting  chapters  to  this  rapidly  crystalliz- 
ing  department   of    science,    the   geographical   and    geological 

*6ruDdzuge  der  MariDen  TierKCOgraphie.  Anleitung  zur  Untersiichung  der 
geog^phischeo  Verbreitung  mariDer  Tiere,  mit  besoodorer  BeriicksichtiguDg  der 
Dekapodeokrebse  von  Dr.  Arnold  E.  Ortmann  (Princeton,  N.  J.),  pp.  1-96,  I 
chart.     Jena  (Gustav  Fischer),  1896. 


322  Scientific  Intelligence. 

biology.  Two  or  three  points  may  be  briefly  referred  to,  wbieb 
might  be  mach  enlarged  on  if  our  apace  would  admit.  In  discnsfling 
marine  regions  of  distribution  the  author  reaches  this  signiBcant 
conclusion,  that  the  passage  from  the  temperate  to  the  polar 
climatic  zones  does  not  constitute  so  important  a  climatic  boun- 
dary for  the  distribution  of  organisms  as  the  passage  from  tropi- 
cal to  temperate.  The  most  important  climatic  boundary  is  the 
line  where  the  sum  of  the  general  fluctuations  of  temperature  is  so 
great  that  tropical  organisms  accustomed  to  an  equable  warm 
climate  are  unable  to  endure  the  changes ;  a  greater  reduction  of 
mean  temperature  is  found  farther  poleward,  this  being  associated 
with  the  diminution  of  the  amplitude  of  the  fluctuation  and  is  not 
to  be  regarded  as  a  climatic  limit  of  first  rank. 

In  the  chapter  on  the  distribution  of  Decapods  the  conclusion  is 
reached  that  the  ancestors  of  Decapods,  as  well  as  Euphausiaoea, 
were  Nekton  (open  sea)  animals,  ana  as  they  were  dependent  upon 
the  substratum  they  could  exist  only  under  littoral  and  abyssal 
conditions. 

In  an  interesting  chapter  on  the  favoring  and  hindering  means 
of  distribution,  the  author  emphasizes  the  importance  of  isolation, 
and  formulates  the  four  following  as  the  chief  factors  in  the 
formation  of  new  species,  viz:  1,  Adaptation  to  external  con- 
ditions forms  variations;  2,  the  transmission  of  adaptations 
fixes  the  variations,  thus  occasioning  groups  of  morphologically 
similar  forms  ;  3,  natural  selection  modifies  these  morphological 
groups  causing  mutation  in  definite  directions;  4,  isolation  of 
the  morphological  groups  produces  differentiation  and  direction 
of  mutation  and  thus  the  production  of  separate  species.  We 
hope  to  have,  in  a  future  number,  a  fuller  discussion  by  the  author 
of  some  of  these  points.  h.  s.  w. 

4.  Charles  Ly ell  and  modem  Geology  ;  by  Prof.  T.  G.  Bonnky. 
pp.  224,  New  York  (iMacmillan  &  Co.),  1895.— This  is  a  brief  hot 
readable  account  of  the  life  of  a  geologist  whom  all  the  world 
knows,  but  whose  memory  will  be  revived  for  the  younger  gener- 
ation by  this  compilation.  It  is  one  of  the  Century  Science  Series 
edited  by  Sir  Henry  Roscoe,  and  like  others  of  the  series  the 
brevity  of  the  work  is  likely  to  lead  earnest  students  to  look  up 
the  original  biographies  of  these  scientific  worthies  who  have 
made  the  firesent  century  famous. 

5.  Beitrdge  zur  Geophysik,  Zeitachrift  filr  PhyaikalUcht 
JErdkunde,  llerausgegeben  von  Prof.  Dr.  Georg  Gbrulnd.  11 
Band.  2-4  Heft.  pp.  197-773,  Stuttgart,  1895. — This  part  closes 
the  second  volume  of  the  valuable  Beitr(igezur  Geophysik^  edited 
by  Professor  Gerland,  the  first  volume  of  which  was  noticed  in 
volume  XXXV  (p.  344)  of  this  Journal.  Some  of  the  papers  here 
included  are:  A.  Schmidt,  Erdmagnetismus  und  Erdgestalt ;  E. 
V.  llebeur-Paschwilz,  Horizontalpendel-Beobachtungen  anf  der 
Kaiserlichen  Universitiits-Sternwarte  zu  Strassburg;  E.  Rudolph, 
Ueber  submarine  Erdbeben  und  Eruptionen ;  H.  Wagner,  Areal 
and  mittlere  Erhebung  der  Landfiachen  sowie  Erdkiuste. 
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.  Siructure-Planes  of  Corundum  and  some  Massive  Minerals 
'ipU  rocks)  from  India  and  Australia  ;  by  J.  W.  Judd  (MId. 
^.,  vol.  xi,  No.  50). — The  author,  as  the  result  of  his  studies, 
es  that  ^'  corundum  has  at  least  three  sets  of  structure-planes 
that  none  of  these  can  be  regarded  as  true  cleavage.  Two  of 
}e  structure-planes,  those  parallel  to  the  baseOR(]lI)  and  to 
prism  00  P2(10l)  are  normal  solution-planes  ;  the  third  set  of 
loture-planes,  those  parallel  to  the  unit  rhombohedron  R(IOO), 
gliding  planes  which  when  developed  become  secondary  solu- 
i-planes."      He  also  says  that  the  partings  observed   "  appear 

^e  due to  chemical  alterations  taking  place  along 

>e  structure-planes  of  the  crystal." 

1  the  second  portion  of  the  paper  an  account  is  given  of  some 
erals  which  occur  on  so  large  a  scale  as  to  form  veritable  rook 
«e8.  Some  of  these  are  occurrences  of  corundum  at  several 
klities  in  India;  also  rock  masses  made  up  of  quite  pure  tourma- 
of  a  black  color  and  in  fibrous  form.  A  rock  composed  entirely 
i  green  garnet  is  mentioned  as  occurring  in  dike  form  cutting 
>entine ;  associated  is  another  dike  composed  of  nearly  pure 
>tite  (chrome  spinel).  l.  v.  p. 

,  Remarkable  phosphorescence  in  Wollastonite ;  by  W.  F. 
LBBRAMD.  (Communicated^ — In  examining  a  fibrous  mineral 
jntly  received  from  New  Hartford,  Oneida  County,  N.  Y., 
ch  proved  to  be  wollastonite,  although  of  somewhat  greater 
iness  (about  5*5)  than  the  limit  given  in  text-books,  a  most 
atiful  greenish-yellow  phosphorescence  was  observed.  The 
»r  is  not  very  conspicuous  by  daylight,  but  in  a  dark  room  the 
Domenon  is  very  strikingly  shown  when  fragments  are  heated 
iw  redness,  or  when  the  somewhat  coarsely  powdered  mineral 
arown  into  a  hot,  but  not  red-hot,  crucible, 
^rofessor  Penfield,  to  whom  the  specimen  was  sent,  finds  that 
e  columnar  and  compact  varieties  iVom  Bonaparte's  Lake, 
^is  Co.,  N.  Y.,  New  VVindsor,  Orange  Co.,  N.  i .,  and  Bucks 
,  Pa.,  show  exactly  the  same  phenomenon.  Fragments  of 
itals  from  Diana,  Lewis  Co.,  N.  Y.,  and  Dognaczka,  Banat, 
6V  only  a  slight  phosphorescence,  while  a  few  of  the  crystallized 
ieties  that  were  tested  do  not  show  it  at  all.  The  com- 
t  edelforsite  of  Hisinger,  which  Forchhammer  (Danske  Viden- 
b.  Selt>kabs  Forhandlingar,  1867,  p.  64)  by  means  of  chemical 
lysis  has  shown  to  be  impure  wollastonite,  exhibits  the  phos- 
rescencc  beautifully." 

may  add  that  my  own  tests  on  material  in  the  U.  S.  National 
seum  show  that  different  specimens  from  the  same  locality 
J  glow  with  very  different  intensities,  as  those  from  Natural 
Jge,  Lewis  Co.,  N.  Y.,  for  instance.  Several  Bucks  Co.,  Pa., 
^imens  failed  to  phosphoresce,  at  least  visibly,  in  daylight. 
)  beauty  of  the  phenomenon  and  its  novelty  as  regards  this 
sies  seem  to  merit  publicity, 
j^ashington,  II.  S.  Geological  Survey. 
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8.  Propagation  of  the  sugar-cane. — Director  J.  H.  Wakkxb, 
of  the  experiment  Btation  for  the  study  of  sugar-cane,  in  East 
Java,  has  published  an  important  communication  relative  to  this 
matter,  which  is  likely  to  stimulate  further  investigation  in  all 
cane-producing  districts.  It  is  well  known  that  in  practice  cane 
is  universally  propagated  from  cuttings  or  their  equivalents,  and, 
furthermore,  this  mode  of  perpetuation  has  very  naturally 
resulted  in  a  loss  of  the  power  to  produce  good  seeds.  Wakker, 
by  prosecuting  extensive  and  exact  researches,  has  found  that  the 
power  of  producing  viable  seeds  is  not  wholly  lost  by  this  plant, 
out  is  capable  of  at  least  partial  restoration  by  proper  selection. 
Close  inspection  shows  that  although  a  great  majority  of  all  the 
flowers  of  the  cultivated  varieties  of  the  cane  are  practically 
sterile,  it  is  possible  in  some  instances  to  find  a  few  scattering 
blossoms  which  can  be  utilized  for  artificial  pollination.  At  the 
experiment  station  in  East  Java  there  are  between  two  and  three 
hundred  varieties  of  Saccharum  under  cultivation,  but  of  these  only 
a  very  few  (in  fact  only  one  to  any  great  extent)  are  employed  in 
Javan  agriculture.  The  principal  variety,  the  so-called  "Cheri- 
bon-cane,^'  does  not  seed  at^all,  and  the  same  is  true  of  some  of 
the  others,  but  diligent  search  was  rewarded  by  the  discovery 
that  in  some  good  varieties  efficient  pollen  could  be  obtained, 
and  in  some  others  there  were  receptive  stigmas.  The  pollina- 
tion in  an  illustrative  case,  name]y,  that  in  which  Cheribon-cane 
was  used  for  the  female  plant,  was  guarded  from  foreign  influence 
by  the  use  of  a  paper  covering  around  the  inflorescence.  In  the 
year  1898,  Wakker  obtained  from  these  crosses  669  seedlings  of 
remarkable  vigor.  From  all  of  his  experiments  in  that  year,  he 
procured  490  which  had  to  be  subsequently  rejected,  but  he 
retained  179  of  high  promise.  Most  of  these  possessed  a  higher 
percentage  of  sugar  than  the  parent  plants,  and  were  free  from 
disease. 

It  is  difficult  to  overestimate  the  value  of  these  researches. 
The  range  of  bud-variation  in  the  cane  is  very  wide,  but  it  has 
seemed  to  tropical  cultivators  an  almost  hopeless  task  to  lead  the 
product  of  sugar  up  to  a  much  higher  percentage  than  at  present 
by  means  of  selection  among  these  varieties,  whereas  it  has  been 
felt  that  if  seeds  could  in  any  way  be  had,  the  initiation  of  new 
and  more  productive  variations  might  reasonably  be  hoped  for. 
It  is  understood  that  no  appreciable  advance  in  the  process  ot 
sugar  extraction  is  to  be  expected  :  on  the  other  hand,  a  path  for 
the  successful  cultivation  of  new  varieties  is  now  fairly  broken 
and  may  speedily  give  us  far  greater  production  per  acre  than 
has  hitherto  been  thought  possible.  o.  l.  g. 

9.  Systematic  arrangement  of  Aiistralian  Fungi^  together  with 
Host-Index  and  List  of  Works  on  the  subject  ;  by  D.  Mc  Alpini, 
pp.  236,  4to  (Melbourne,  1895). — The  rapid  development  of  the 
study  of  fungi  in  Australia  is  strikingly  shown  in  the  present 
volume  by  Prof.  McAlpine,  the  government  vegetable  pathologist 
of  Victoria,  issued  by  the  Department  of  Agriculture.     Of  the 
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311  titles  given  in  the  List  nearly  two-thirds  are  of  works  which 
have  appeared  in  the  last  ten  years ;  the  greater  part  in  fact  in 
the  last  five  years.  Furthermore,  while  the  works  published 
prior  to  1885  were  almost  entirely  by  a  small  number  of  British 
and  continental  mycologists,  since  that  date  the  authors  have 
been  for  the  greater  part  persons  living  in  Australia.  The  two 
hundred  pages  devoted  to  a  list  species  of  Australian  fungi  with 
habitats  and  notes  of  general  characters,  are  followed  by  a  list  of 
84  edible  species.  Excluding  a  few  characteristic  forms  like 
Cyttaria  Gunnii  and  J*olyporu8  mylittce  or  native  bread,  one  is 
struck  with  the  fact  that  the  edible  species  of  Australia  are  nearly 
identical  with  those  of  Europe  and  North  America.  Some  inter- 
esting statistics  are  given  which  show  the  whole  number  of  fungi 
known  in  Australia  to  be  2,284,  of  which  the  greater  number, 
1,266,  are  Hymenomycetes.  Uredincce  have  90,  Ustilaginese  39 
and  Myxomycetes  52  species.  Of  the  different  host-plants,  the 
species  of  Eucalyptus  are  attacked  by  54  species  of  fungi.  The 
species  of  Acacia  come  next  with  16  parasites.  The  Host-Index 
gives  an  alphabetical  list  of  hosts  with  their  parasites,  without 
synonymy,  and  a  note  of  the  organs  attacked.  This  work  by 
Frof.  McAlpine  will  be  of  very  great  assistance  not  only  to  Aus- 
tralian mycologists  but  also  to  those  of  other  countries,  who  will 
be  able  at  a  glance  to  get  a  practical  knowledge  of  the  distribu- 
tion of  Australian  vegetable  parasites  with  a  facility  which  would 
otherwise  be  impossible.  w.  o.  f. 

10.  Der  Jieis- Brand  und  der  Setaria- Brand  ;  by  Oscar  Bre- 
FBLD,  Botanisches  Centralblatt,  Ixv,  97-108,  January,  1895. — In 
the  twelfth  part  of  his  "  Untersuchungen  "  Brefeld  made  mention  ot 
a  smut  of  Oryza  in  which  the  spores  did  not  germinate  like  those 
of  other  Ustilaginese  but  produced  a  mycelial  thread  with  spores 
arranged  acropetally.  He  also  described  a  very  similar  fungus 
on  iSetaria  Cms  Ardem  from  South  America.  Since  then,  having 
obtained  abundant  material  of  the  latter  fungus,  he  has  been  able 
to  trace  its  development  and  finds  that,  besides  the  so-called  smut- 
spores,  the  fungus  produces  a  well-marked  sclerotium.  The 
sclerotia,  after  remaining  lor  six  months  in  moist  sand,  developed 
into  stalked  fruit-bodies  much  like  those  of  Claviceps  purptirea^ 
the  common  ergot.  The  ascospores  on  gorminating  produced 
conidia  like  those  produced  by  the  smut-spores.  Brefeld  regards 
the  sclerotium,  ascoporic  form  and  smut-spores  as  stages  of  the 
same  fungus  which  he  calls  Ustilaginoidea  *Setarice,  and  the  smut 
of  Oryza,  although    its  development   has   not  been   traced,   he 

f laces  in  the  same  genus  on  grounds  of  analogy.  The  genus 
fstilaginoidea  belongs  to  the  Hypocreaceae  and  the  so-called  smut- 
spores  in  this  case  correspond  to  the  chlamydospores  of  species 
like  Sypomyces  chrysospermua.  Brefeld  ventures  to  predict  from 
this  case  that  other  supposed  species  of  Ustilagineae  will  eventu- 
ally be  proved  to  be  stages  of  Ascomycetes.  It  may  be  said,  on 
the  other  hand,  however,  that,  in  his  Untersuchungen,  Brefeld 
showed  that,  although  the  Oryza-smut  had  been  originally  placed 
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in  the  Ustilagineae,  the  development  of  the  spores  were  in  an 
important  respect  different  from  those  of  other  Ustilagineae.  This 
being  the  case,  one  is  perhaps  hardly  justified  in  predicting  that^ 
in  their  later  development,  the  UstilaginesB  proper  are  likely  to 
have  ascorporic  forms  like  Ustilae^inoidea.  It  is  a  conceivable 
supposition,  to  say  the  least,  that  UstilaginesB  are  a  heterogeoeoas 
group  and  that  when  more  is  known  of  their  development,  tbej 
may  prove  to  be  imperfect  conditions  of  more  than  one  order  of 
higher  fungi.  w.  G.  f. 

1 1.  Die  Entwickelung  dee  Peritheciume  hex  Sphaerotheca  Coi- 
tagnei.  By  R.  A.  Harpek  (Bericht.  Deutsch.  Bot.  Gesell.,  xiii, 
476-481,  PI.  39). — More  than  twenty-five  vears  ago  DeBary 
advanced  the  opinion  that  the  perithecium  of  Sphaerotheca  and 
its  allies  is  of  sexual  origin.  At  that  time  botanical  technique 
was  very  different  from  what  it  is  at  the  present  day,  and 
DeBary  did  not  attempt  to  show  that  there  was  an  actual  union 
of  the  nuclear  elements  of  what  he  considered  to  be  the  male  and 
female  organs.  More  recently  there  has  been  a  tendency  among 
mycologists  to  regard  the  sexuality  in  this  case  as  doubtful  or 
even  disproved.  In  the  present  paper,  the  author,  making  use  of 
the  best  modern  manipulations,  confirms  the  general  account  of 
the  origin  and  nature  of  the  antheridium  and  oogonium  originallj 
given  by  DeBary,  and  describes  and  figures  the  anion  of  tbe 
nuclei  of  the  male  and  female  organs,  adding  important  details 
with  regard  to  the  development  of  the  perithecium  from  the 
oogonium.  The  fertilized  nucleus  of  the  female  does  not  develop 
further  until  the  ascogonium  is  surrounded  by  an  envelope  of  two 
layers.  The  ascogonmm  then  elongates  and  curves  away  from 
the  side  where  the  antheridium  was  attached.  The  nucleus  now 
divides  into  two,  and  a  transverse  wall  divides  the  ascogoniam 
into  two  cells,  the  lower  of  which  does  not  develop  farther.  The 
nucleus  of  the  upper  cell  divides  again  and  the  process  is  repeated 
until  a  more  or  less  curving  row  of  five  or  six  cells  is  formed. 
Each  cell  of  this  row  contains  a  single  nucleus  except  that  next 
to  the  terminal  cell,  which  has  two  nuclei  and  becomes  the  ascas. 
The  ascus  then  enlarges  strongly  on  the  upper  side,  pushing  the 
terminal  cell  sidewise  and  downwards  until  it  is  finally  absorbed 
and  disappears.  The  two  nuclei  of  the  ascus  now  fuse,  but  the 
author  does  not  consider  this  to  be  a  sexual  act  but  another 
instance  of  the  nuclear  fusion  known  in  asci  and  basidia.  Finally 
the  large  nucleus  divides  three  times  and  there  are  formed  eight 
spores.  w.  g.  f. 

Dr.  Jouanx  MiJLLER  (known  as  Mtlller  Argoniensis),  died  at 
Geneva  Jan.  28,  in  his  68th  year.  He  was  the  Director  of  the 
Jardin  Botanique  and  Custodian  of  the  Delessert  Herbarium.  He 
was  distinguished  as  a  Liclienologist,  and  also  wrote  theEuphorbi- 
aceae  of  DeCandolle's  Prodromus. 
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III.    Miscellaneous  Scientific  Intelligence. 

1.  Catalogue  of  Scientific  Papers  (IST^-ISSS).  Compiled  by 
the  Royal  Society  of  London^  vol.  xi,  902  pp.,  4to.  London, 
1896  (C.  J.  Clay  &  Sons,  Cambridge  University  Press).— The 
present  issue  completes  the  series  of  three  volumes  forming  the 
Supplement  to  the  Royal  Society's  Catalogue  of  Scientific  Papers 
for  the  years  1874-1883.  The  first  volume  (vol.  ix)  was  noticed 
in  vol.  xxxiv  (p.  170)  of  this  Journal.  The  unique  value  of  this 
irork  as  a  whole  is  too  well  appreciated  to  need  commendation 
here.  It  gives  under  the  name  of  the  authors,  arranged  alphabet- 
ically, the  full  titles  of  papers  wherever  published,  with  the 
driginal  references.  This  labor  has  been  performed  with  much 
ihoroughness  and  accuracy;  the  work  should  have  a  place  in 
Bvery  scientific  library. 

2.  The  Yellowstone  National  Park,  by  Capt.  H.  M.  Chitten- 
DKN,  XJ.  S.  A.  8^  397  pp.,  1895  (Clarke  Co.,  Cincinnati).— This 
work  will  be  found  a  most  useful  book  of*  reference  for  the 
aational  wonderland.  The  history  of  the  park  and  its  early 
exploration  will  be  found  quite  exhaustively  treated.  Other 
sbapters  treat  briefly  of  its  topography,  geology,  natural  won- 
ders, fauna  and  flora,  etc.  An  excellent  descriptive  itinerary  is 
given  for  travellers.  The  work  is  an  excellent  specimen  of  typo- 
graphical art  and  is  embellished  by  a  large  number  of  reproduc- 
tions of  beautiful  photographs.  The  appended  map,  while  very 
oomplete,  is,  however,  a  very  poor  specimen  of  typographic  work 
and  the  only  blemish  we  have  noticed.  l.  v.  p. 

3.  Jtfechanics  and  hydrostatics :  an  EUmentary  Text- Book, 
theoretical  and  practical^  by  R.  T.  Glazebrook,  M.A.,  F.R.S., 

652,  Cambridge  (Cambridge  Natural  Science  Manuals) ;  New 
ork  (Macmillan  &  Co.). — The  crucial  test  of  a  treatise  on  Ele- 
mentary Mechanics  is  the  amount  of  vagueness  and  inconsistency 
to  be  found  in  the  pages  devoted  to  the  discussion  of  force  rela- 
tions. To  secure  the  requisite  degree  of  simplicity  without  nar- 
rowness, and  of  logic  without  intricacy  calls  for  much  of  the 
equipment  of  the  philosopher,  historian,  physicist  and  practical 
teacher.  Professor  Glazebrook  has  succeeded  in  this,  and  d 
fortiori  in  the  other  parts  of  his  work,  not  only  because  he  pos- 
sesses these  qualifications  but  also  because  the  numerous  text- 
books on  elementary  mechanics  which  have  appeared  in  the  last 
ten  years,  though  individually  faulty,  have  collectively  raised  the 
Ireatment  of  the  subject  to  a  level  where  a  text-book  that  is  good 
rhrooghont  becomes  possible. 

The  subject  is  developed  experimentally  and  historically  with 
n  onasual  fullness  of  discussion  of  difiicult  points  and  numerous 
letailed  solutions  of  typical,  problems  which  will  materially 
ighten  the  labor  of  teaching  and  economize  the  time  spent  in  the 
lass  room.  The  author  has  judiciously  avoided  the  use  of  most 
f  the  various  new-coined  words,  such  as  velo,  celo,  and  the  like, 
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of  which  such  a  prolific  crop  has  sprang  up  of  late  yean. 
Velocity  is  treated  as  a  vector,  but  the  distinction  between  speed 
and  velocity  is  in  several  cases  somewhat  carelessly  disrei^arded. 

4.  The  Constitution  and  Functions  of  Gases^  the  Nature  of 
Radiance^  and  the  Law  of  Radiation,  By  Seyebinus  J.  Cor- 
RiQAN.  St.  Paul,  1895,  pp.  128,  and  Supplement,  pp.  46. — This 
is  a  restatement  and  enlargement  of  the  author's  hypothesis  of 
the  constitution  of  matter,  first  given  in  Astronomy  and  Astro- 
physics^ Nos.  101  and  102  (1892).  Two  equal  atoms  are  assumed 
to  revolve  in  a  circle  about  the  middle  point  of  the  line  joiuing 
them.  The  orbital  velocity  of  atmospheric  atoms  of  normal  prei- 
sure  and  temperature  is  found  to  be  550,521,646  miles  per  second. 
A  great  number  of  atomic  couples  are  regarded  as  forming  a 
spherical  shell,  or  hollow  ball,  and  this  constitutes  a  molecule  of 
any  gas.  In  a  normal  atmospheric  molecule  the  number  of  atoms 
is  found  to  be  2-8943X10**.  The  luminiferous  ether  is  a  rarified 
gas.  From  such  a  hypothetical  constitution  of  gases  the  author 
develops  the  laws  of  radiation  of  light  and  heat. 

5.  Algebra  for  Beginners^  by  H.  S.  Hall  and  S.  R.  Kxight; 
revised  for  American  schools  by  Prof.  F.  L.  Sbybnoak^  (Mac- 
mil  Ian  &  Co.  Price  60  cts.) — A  text-book  designed  to  meet  the 
wants  of  those  who  do  not  require  a  knowledge  of  algebra  beyond 
quadratic  equations. 

6.  An  Introduction  to  the  Algebra  of  Quantics,  by  K  B. 
Elliott.  Clarendon  Press,  1895,  8°,  pp.  viii,  423. — The  students 
of  higher  algebra  will  feel  specially  grateful  to  Professor  Klliott 
for  his  systematized  treatment  of  the  additions  made  to  this 
branch  of  mathematics  by  Cay  ley,  Sylvester,  Salmon,  Clebsch, 
Fa^  de  Bruno,  Gordan,  and  others  during  the  last  fifty  years. 
Though  entitled  an  Introduction,  it  really  calls  for  a  considerable 
preliminary  knowledge  on  the  part  of  the  reader,  such  as  would 
be  gained,  for  example,  from  Bubnsidb  and  Panton's  Theory  of 
Equations, 

7.  Problems  in  Differential  Calculus,  by  W.  E.  Byerlt.  (Ginn 
&  Co.) — An  excellent  collection  of  problems  designed  to  accom- 
pany Prof.  Byerly's  Differential  Calculus,  but  valuable  in  connec- 
tion with  any  such  treatise.  It  includes  also  problems  in  simple 
integration  and  in  mechanics. 

8.  PUine  and  Solid  Geometry,  by  Professors  W.  W.  Bbmait 
and  D.  E.  Smith.  (Ginn  &  Co.) — The  work  covers  the  subjects 
in  geometry  taught  in  the  best  American  High  Schools.  There  is 
a  good  index,  also  a  biographical  table,  and  a  table  of  etymologies. 

9.  Computatio7i  Rules  and  Logarithms  with  Tables  of  other 
Useful  Functions;  by  Silas  W.  Holman;  pp.  xlv,  and  73. 
(iMacmillan  &  Co.,  1896.) — The  Introduction  of  this  book  gives  in 
detail  precepts  for  securing  a  required  degree  of  accuracy  in 
computations  without  unnecessary  expenditure  of  labor.  Four 
and  five-figure  tables  of  logarithms  of  numbers,  of  logarithmic 
sines,  tangents,  etc.,  follow.  The  arrangement  is  well  adapted 
for  instruction,  and  for  subsequent  use  in  work  not  requiring 
unusual  accuracy.  It  is  rare  that  six  or  seven-figure  tables  are 
needed  in  actual  practice. 
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Art.  XXXVIII. — Carbon  and  Oxygen  in  the  Sun ;   by 

John  Trowbbidge. 

In  1887  Professor  Hutchins  of  Bowdoin  College  and  myself 
brought  forth  evidence  to  show  that  the  peculiar  bands  or  the 
voltaic-arc  spectrum  of  carbon  can  be  detected  in  the  sun's 
spectrum.  They  are,  however,  almost  obliterated  by  the  over- 
lying absorption  lines  of  other  metals,  especially  by  the  lines 
Que  to  iron.  In  order  to  form  an  idea  of  the  amount  of  iron 
in  the  atmosphere  of  tlie  sun  which  would  be  necessary  to 
obliterate  the  banded  spectra  of  carbon,  I  have  compared  the 
spectrum  of  carbon  with  that  of  carbon  dust  and  a  definite 
proportion  of  iron  distributed  uniformly  through  it.  The  car- 
bon dust  and  iron  reduced  by  hydrogen  was  formed  into  pencils 
suitable  for  forming  the  voltaic  arc*  Chemical  analysis  snowed 
that  the  iron  was  uniformly  mixed  with  the  carbon  dust.  Speci- 
mens, taken  from  different  sections  of  the  carbons  which  I 
burned  in  the  arc,  gave  twenty-eight  per  cent  of  iron  and 
seventy-two  per  cent  of  carbon. 

The  method  of  experimenting  was  as  follows:  That  portion 
of  the  spectrum  of  the  sun  which  contains  traces  of  the  pecu- 
liar carbon  band  lying  at  wave  length  3883'7  and  which  has 
been  almost  obliterated  by  the  accompanying  lines  of  absorp- 
tion of  other  metals,  among  them  those  of  iron,  was  photo- 
graphed. The  pure  carbon  banded  spectrum  was  photographed 
on  the  same  plate  immediately  below  the  solar  spectrum,  and 
the  spectrum  of  the  mixture  of  iron  and  carbon  immediately 
below  this.     The  sun's  spectrum  can  be  regarded  as   a  com- 

*I  am  indebted  to  Mr.  John  Lee  of  the  American  Bell  Telephone  Co.  for  his 
skill  in  making  the  carbons  and  for  analyses  of  the  composite  carbons. 
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posite  photograph,  and  the  iron  and  carbon  can  also  be  regarded 
as  a  composite  photograph.  It  was  speedily  seen  that  from 
twenty-eight  to  thirty  per  cent  of  iron  in  combination  with 
seventy-two  to  seventy  per  cent  of  carbon  almost  completely 
obliterated  the  peculiar  banded  spectrum  of  carbon.  This 
proportion  therefore  of  iron  in  the  atmosphere  of  the  sun, 
were  there  no  other  vapors  of  metals  present,  would  be  suffi- 
cient to  prevent  our  seeing  the  full  spectrum  of  carbon. 

The  iron  in  the  carbon  terminals  which  I  employed  greatly 
increased  the  conductivity,  as  will  be  seen  from  Table  I,  which 
was  obtained  in  the  following  manner. 

The  carbons  were  separated  by  means  of  a  micrometer 
screw  and  the  current  and  difference  of  potential  were  meas- 
ured with  different  lengths  of  arc.  Table  I  gives  the  results 
for  pure  carbon.  Table  II  for  twenty-eight  per  cent  of  iron 
and  seventy-two  per  cent  of  carbon. 


Table  I. 

Length  of  arc  in  mm. 

Amperes. 

Volts. 

1 

27 

25 

2 

23 

24 

3 

22-5 

20 

4 

20 

18 

5 

16-6 
Table  II. 

15 

Length  of  arc  in  mm. 

Amperes. 

Volts. 

1 

30-6 

30 

2 

29 

30 

3 

27-6 

28 

4 

24 

25 

5 

22 

20 

6 

20 

20 

7 

18 

19 

8 

16 

18 

The  length  of  the  arc  could  be  nearly  doubled  with  the  same 
current  and  the  same  voltage  by  the  admixture  of  28  per  cent 
of  iron.  The  light  was  apparently  greatly  increased,  but  the 
difference  in  color  between  the  pure  carbon  light  and  the  iron 
carbon  light  made  measurements  unreliable. 

Moissan*  has  shown  that  the  carbon  in  an  electric  oven 
through  which  powerful  electric  currents  have  flowed  is  free 
from  foreign  admixtures.  Deslandres  has  confirmed  this  and 
finds  only  a  trace  of  calcium  present.  The  purification  comes 
from  a  species  of  distillation  of  the  volatile  impurities.  The 
purest  carbon  is  found  at  the  negative  pole.     The  light  of  the 

*  Ck)mpteB  Rendus,  cxz,  pp.  1259-1260,  1895. 
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electric  furnace  is  dne  to  the  combustion  of  carbon.  Can  we 
conclude  that  the  sun  is  also  a  vast  electric  furnace? 

If  the  voltaic  arc  is  formed  under  water  its  brilliancy  dimin- 
ishes greatly.  On  the  other  hand,  an  atmosphere  of  oxygen 
greatly  augments  its  vividness.  The  question,  therefore, 
whether  oxygen  exists  in  the  sun  is  closely  related  to  questions 
in  regard  to  the  presence  of  carbon,  wnen  we  consider  the 
temperature  and  light  of  the  sun. 

If  suppositions  also  are  made  in  regard  to  the  magnetic  con- 
dition of  the  atmosphere  of  the  sun,  it  is  of  great  interest  to 
determine  whether  oxygen  exists  there,  for  oxygen  has  been 
shown  by  Fafraday,  and  later  by  Professor  Dewar,  to  be  strongly 
raaKnetic. 

Professor  Henry  Draper  brought  forward  evidence  to  prove 
the  existence  of  bright  oxygen  lines  in  the  solar  spectrum. 
Professor  Hutchins  of  Bowdoin  College  and  myself  examined 
this  evidence  and,  after  a  long  study  of  the  oxygen  spectrum 
in  comparison  with  the  solar  spectrum,  came  to  the  conclusion 
that  the  bright  lines  of  oxygen  could  not  be  distinguished  in 
the  solar  spectrum.  We  published  our  paper  in  1885.  I  have 
lately  studied  the  subject  from  another  standpoint,  having 
carefully  examined  the  regions  in  the  solar  spectrum  where  the 
bright  lines  of  oxygen  should  occur  if  they  manifest  them- 
selves, in  order  to  see  if  any  of  the  fine  absorption  lines  of  iron 
in  the  spectrum  of  iron  were  absent,  for  it  is  reasonable  to 
suppose  that  the  bright  nebulous  lines  of  oxygen  would  oblit- 
erate the  faintest  lines  of  iron. 

The  method  adopted  by  Draper  for  obtaining  the  spectrum 
of  oxygen  consisted  in  the  employment  of  a  powerful  spark  in 
ordinary  air.  To  obtain  this  spark  the  current  from  aoynamo 
running  through  the  primary  of  a  Ruhmkorf  coil  was  suitably 
interrupted.  j8y  the  use  of  an  alternating  machine  and  a  step- 
up  transformer,  powerful  sparks  can  be  more  readily  obtained. 
Smce  the  time  of  exposure  with  a  grating  of  large  dispersion 
is  long,  considerable  heat  is  developed  in  the  transformer  from 
the  powerful  currents  which  are  necessary  to  produce  a  spark 
of  sufficient  brilliancy.  I  have  therefore. modified  the  method 
in  the  following  manner.  The  spark  gap  is  enclosed  in  a  suit- 
able chamber,  which  can  be  exhausted.  When  the  exhaustion 
is  pushed  to  a  certain  point,  the  length  of  the  spark  can  be 
increased  ten  or  twenty  times  over  its  length  in  air,  and  a 
suitable  spark  for  photographic  purposes  can  therefore  be 
obtained  by  the  employment  of  far  less  energy  in  the  trans- 
former. A  pressure  of  eight  to  ten  inches  of  mercury  in  the 
exhausted  vessel  is  sufficient.  A  quartz  lens  inserted  in  the 
wells  of  the  exhausted  chamber  serves  to  focus  the  light  of  the 
spark  on  the  slit  of  the  spectroscope. 
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The  following  table  gives  the  oxygen  lines  and  iron  lines  in 
the  same  region  of  the  spectrum. 


0 

Fe  in  Sun. 

Intensitj. 

4631 

4629-44 

1 

4730-22 

4 

4630*91 

1 

4361-61 

1 

46156 

4654-7 
4657-71 

4683 

4683-04 

1 

4683-93 

2 

4601-5 

4600-09 

In 

4601-8 

1 

4602-11 

4 

4007 

4604-84 

in 

4605-52 

1 

4606-34 

4607-79 

6 

4613 

4611-38 

8 

4613-35 

4 

4614-29 

1 

4693-5 

4691-52 

6 

4696-97 

1 

The  faintest  iron  lines  are  therefore  not  obliterated  in  the 
spaces  where  the  oxygen  lines  should  occur.  If  we  examine 
the  great  absorption  region  about  the  K  line,  we  find  that 
between  wave  lengths  3930*29  and  3938-55  Rowland,  it  gives  S 
lines  which  coincide  with  iron  lines. 

From  the  table  of  wave  lengths  of  iron  lines  in  the  arc  spec- 
trum given  in  the  report  of  the  British  Association  for  1891,1 
find  the  following  lines  given  between  these  limits. 

3930-37* 

3931-22* 

3932-71* 

3933-01* 

3933-75 

3934-47 

3934  81* 

3935-40* 

3935-92* 

3937-42* 

2938-16 

3938-59 

The  starred  lines  are  probably  the  iron  lines  given  by  Row- 
land in  his  list  of  standard  solar  lines.  The  iron  lines  that  are 
not  starred  apparently  are  obliterated  in  the  great  absorption 
band  near  the  calcium  line  K. 
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Lord  Salisbury,  in  his  address  before  the  British  Association 
it  Oxford,  1894:,  remarks:  '^ Oxygen  constitutes  the  largest 
)ortion  of  the  solid  and  liquid  substances  of  our  planet,  so  far 
is  we  know  it ;  and  nitrogen  is  very  far  the  predominant  con- 
tituent  of  our  atmosphere.  If  the  earth  is  a  detached  bit, 
whirled  off  the  mass,  leaving  the  sun  we  cleaned  him  out  so 
jompletely  of  his  nitrogen  and  oxygen  that  not  a  trace  of  these 
jases  remain  behind  to  be  discovered  even  by  the  sensitive 
rision  of  the  spectroscope  ?" 

Although  we  have  not  succeeded  in  detecting  oxygen  in  the 
un,  it  seems  to  me  that  the  character  of  its  light,  tne  fact  of 
he  combustion  of  carbon  in  its  mass,  the  conditions  for  the 
ncandescence  of  the  oxides  of  the  rare  earths  which  exist, 
vould  prevent  the  detection  of  oxygen  in  its  uncombined 
itate.  Notwithstanding  the  negative  evidence  which  I  have 
)rought  forward,  I  cannot  help  feeling  strongly  that  oxygen  is 
present  in  the  sun  and  that  the  sun's  light  is  due  to  carbon 
7apor  in  an  atmosphere  of  oxygen. 

Jefferson  Physical  Laboratory. 


Art.  XXXIX. — On  the  Determination  of  the  Dvoision  Errors 
of  a  Straight  Scale  ;  by  Harold  Jacdby. 

1.  Lying  as  it  does  at  the  base  of  all  exact  metrology,  the 
ibove  problem  has  received  the  attention  of  many  investigators. 
N^umerous  methods  have  been  devised  and  employed  for  its 
K)lution,  the  object  generally  sought  being  a  result  of  suffi- 
;ient  accuracy  accompanied  with  the  minimum  amount  of 
abor.     Probably  the  first  investigation  in  which  the  highest 

Brecision  was  attained  or  even  aimed  at,  was  carried  out  by 
[ansen.*  His  method  amounts  to  comparing  the  spaces  of  the 
icale  under  investigation,  which  we  will  call  scale  A,  with  a 
ieries  of  spaces  marked  upon  an  auxiliary  scale  B.  This  was 
ione  in  such  a  way  that  every  one-space  of  scale  A  was  com- 
pared with  an  auxiliary  one-space  ;  every  two-space  of  scale  A, 
with  an  auxiliary  two-space,  etc.  The  method  may  of  course 
be  varied  by  usin^,  instead  of  spaces  on  an  auxiliary  scale,  a 
Sxed  interval  between  the  two  microscopes  of  a  comparateur. 
[n  fact,  Hansen's  process  really  consisted  in  comparing  inter  se 
ill  the  single  spaces,  two-spaces,  three-spaces,  etc.,  of  scale  A. 
The  series  of  observations  made  in  this  way,  Hansen  treats  bv 
the  method  of  least  squares,  giving  a  solution  whose  numeri- 
cal application  requires  a  very  considerable  amount  of  compu- 
tation. 

*  Abh.  d.  math.  pbys.  Glasse  der  Kgl.  Sachs.  Gesell.  d.  Wissenschaften,  vol.  zv. 
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This  method  of  Hansen  appears  to  have  received  no  mate- 
rial improvement  until  1888.  In  that  year,  Gill,  acting  upon  a 
suggestion  made  by  Marth,  began  to  determine  the  errors  of 
the  straight  scales  of  the  Cape  heliometer.  Gill  employs  an 
auxiliary  scale  B  which  is  an  exact  duplicate  of  scale  A.  In 
fact,  in  the  case  of  the  heliometer,  each  of  the  two  scales  is 
used  as  an  auxiliary  for  investigating  the  other.  Instead  of 
then  comparing,  as  Hansen  did,  every  one-space,  two-space, 
etc.,  of  scale  A  with  one  auxiliary  one-space,  two-epace,  etc.,  on 
scale  B,  Gill  compares  every  one-space  of  scale  A  with  every 
one-spac^  of  scale  B;  every  two-space  with  every  two-space: 
etc.  This  method  must  be  regarded  as  an  important  extension 
of  Hansen's.  With  comparatively  little  adaitional  labor  in 
the  observations,  it  causes  a  considerable  increase  of  precision 
in  the  results. 

Precisely  the  same  method  of  observation  employed  by  Gill 
has  been  discussed  very  recently  by  Lorentzen,*  and  used  in 
determining  the  errors  of  the  Bamberg  heliometer.  He  begins 
by  applying  the  method  of  least  squares  rigidly  to  the  reduc- 
tion of  the  observations;  but  the  numerical  work  required 
being  very  great,  he  concludes  by  recommending  a  slight  depar- 
ture from  the  rigid  least  square  method  of  reduction.  This 
brings  him  to  a  method  which  is  identical  with  Gill's,  both  in 
the  observations,  and  in  the  calculation  of  the  division  errors. 
They  difEer,  however,  in  the  calculation  of  the  weights  of  the 
division  errors  determined  for  the  several  lines  of  the  scale. 
Gill  comes  to  the  conclusion  that  all  these  division  errors  are 
determined  with  the  same  weight  This  is  not  rigoronsly 
correct.  Lorentzen  does  not  come  to  the  same  conclusion ;  bnt 
as  we  shall  see  further  on,  he  deduces  a  weight  formula  which 
is  quite  correct. 

2.  The  method  of  Hansen,  both  in  its  original  form,  and  as 
extended  by  Gill,  in  common  with  all  other  methods  of  deter- 
mining division  errors,  has  the  defect  just  mentioned.  The 
various  lines  are  not  determined  with  rigorously  equal  weight. 
Since,  in  general,  there  is  no  reason  a  priori  why  we  shonld 
determine  some  of  the  lines  more  accurately  than  the  others,  a 
method  which  will  produce  true  equality  of  weights  for  all  the 
lines  still  remains  a  desideratum.  Now  the  method  of  Gill 
would  appear  to  be  observationally  exhaustive,  since  all  possi- 
ble combinations  of  spaces  on  the  two  scales  have  been  com- 
pared. Nevertheless,  the  method  may  be  observationally 
varied,  the  general  weight  greatly  increased,  and  even  the 
desired  equality  of  weights  may  he  produced,  if  we  vary  the 
precision  with  which  the  several  comparisons  between  the  two 
scales  are  effected.      This  need  not  increase  the   labor  very 

*  AstroDomische  Nachrichten,  3134,  3236. 
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Qch,  as  we  shall  see  farther  on.  First,  however,  I  will  briefly 
iBcribe  GilFs  method  of  observation  and  reduction.  The 
tter  admits  of  demonstration  withont  resorting  to  extensive 
athematical  formuIsB. 

The  scale  ander  investigation,  A,  and  the  auxiliary  scale,  B, 
e  supposed  to  be  graduated  as  nearly  alike  as  possible,  and  to 
$  mounted  so  that  one  can  be  compared  with  the  other.  The 
nervations  are  now  effected  in  a  series  of  separate  operations, 
e  diagrams  given  below  showing  how  they  would  be  arranged 
r  a  scale  of  four  spaces. 

Operation  I. 
A  0     12     3     4 


e    d    c    h    a         B 

Operation  2. 


0     12     3     4 


e    d    c    b    a  B 

Operation  3. 


0     12     3     4 


e    d    c    b    a  B 

Operation  4: 
0     12     3     4 


e    d    c    b    a  B 

Operation  6. 
0      12     3     4 


e    d    c    b    a  B 

Operation  6. 
0     12     3     4 


e     d    c    b    a  B 

Operation  7. 
0     12     3     4 


e    d    c    b    a  B. 
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Scale  A  is  numbered  0,  1,  2,  3,  4 ;  and  scale  B  is  numbered 
Sy  d^  c,  hj  a,  to  avoid  confusion.  Operation  1  consists  in  plac- 
ing scale  B  opposite  scale  A  in  such  a  way  that  division  e 
comes  opposite  3,  and  d  opposite  4.  The  microscope  of  the 
c&mparateur  is  then  brought  over  the  divisions  3  and  e^  and 
readings  are  taken  on  each  of  these  divisions.  The  microscope 
is  then  brought  over  the  divisions  4  and  d^  and  these  are  abo 
read.  The  operation  is  then  repeated  in  the  reverse  order,  the 
scales  remaining  unmoved  all  the  time.  If  we  suppose  the 
microscope  readings  to  decrease  as  the  readings  of  scale  A 
increase,  and  if  we  put : 

d^  =  excess  of  reading  on  division  4  over  that  on  division  d^ 
0,  =:  excess  of  reading  on  division  3  over  that  on  division  e, 

it  is  obvious  that  operation  1  furnishes  the  quantity  : 


€.  — ^- 


4> 


or  the  excess  of  the  space  3,  4  of  scale  A  over  the  space  «,  doi 
scale  B.  In  exactly  the  same  way  operation  2  furnishes  the 
quantities : 


(f,-c,  and  «,-(?„ 


or  the  excesses  of  the  spaces  2,  3  and  3,  4  over  ^,  d  and  rf,  e 
respectively.  Proceeding  in  this  way,  we  may  arrange  the 
results  of  all  the  operations  as  in  the  following  table : 


Table  I. 


0,1 


\ 


K. 


1.2 


K. 


2,3 


3,4 


K. 


{d-c^ 


K 


Operation 

i  1. 

c< 

2. 

<c 

3. 

(C 

4. 

(( 

5. 

(( 

6. 

C( 

7. 

It  will  be  seen  that  each  of  the  quantities  in  parenthesis  is  the 
excess  of  one  of  the  spaces  of  scale  A  over  one  of  the  spaces 
of  scale  B.  Thus  the  first  column  contains  the  excesses  of  the 
space  0, 1  of  scale  A  over  each  of  the  four  spaces  of  scale  B. 
Similarly  the  other  columns  contain  the  excesses  of  the  spaces 
1,  2 ;  2,  3 ;  and  3,  4.  Moreover  the  results  of  each  separate 
operation  will  be  found  in  the  same  horizontal  line  of  the  table. 
The  quantities  K„  K,,  K„  K^,  are  the  means  of  the  quantities 
above  them  in  the  columns.     Thus: 
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K.  =  i[{«.-rf.)  +  K-c.)  +  (c.-A.)  +  (*.-a.)] 

[t  is  evident  that  K,  is  the  excess  of  the  space  0,  1  over  the 
Irue  fourth  part  of  scale  B,  since  it  is  the  mean  of  the 
Bzcesses  of  0, 1  over  the  four  constituent  spaces  of  scale  B. 
Oonsequently,  if  we  assume  scale  B  as  standard,  the  space  0, 1 
is  too  large  by  the  quantity  Kj,  which  we  may  express  as  fol- 
lows: 

Division  error  of  line  1,  scale  A^  =  K^ 

Similarly  the  space  1, 2  is  too  large  b^  K„  and  therefore  the 
jpace  0, 2  is  too  large  by  the  quantity  K^+K, ;  or: 

Division  error  of  line  2,  scale  A,  =  K,  +  K, 
Similarly : 

Division  error  of  line  3,  scale  A,  =  Kj+K,+K, 
Division  error  of  line  4,  scale  A,  =  Kj  +  K,  +  K,4-K^ 

Since  we  have  assumed  scale  B  as  the  standard,  the  quantity  : 

K,4-K,  +  K.  +  K, 

or  the  division  error  of  line  4  of  scale  A,  is  really  the  differ- 
ence in  length  of  the  two  scales  ;  so  if  we  put : 

K,  will  be  the  excess  of  the  true  average  space  of  scale  A  over 
the  true  average  space  of  scale  B.  Consequently,  if  we  wish 
the  division  errors  of  scale  A  to  be  expressed  in  terms  of  that 
scale  itself  as  a  standard,  we  must  write : 

Division  error  of  line  1  =.  K.— K^ 

«  ID 

Division  error  of  line  2  =  K^  4-  K,  —  2Kj, 
Division  error  of  line  3  =  K^  +  K^  +  K,— 3K, 
Division  error  of  line  4  =  K,  +  K,4-K,  +  K,— 4K,  =  0 

Table  I  also  furnishes  the  corresponding  division  errors  of 
Bcale  B.     If  we  take  diagonal  means  as  follows : 

etc.  etc. 

We  have : 

Division  error  ofline  c?=  —  (Q^  — KJ 
Division  error  ofline  c  =  —  (Q^  +  Qc— 2KJ 
Division  error  of  line  b  =  —  (Orf  +  Qe  +  Q*— 3KJ 
Division  error  of  line  a  =  —  (Qd  +  Qe  +  Q^  +  Q.— 4KJ  =  0 

since,  necessarily, 

Generalizing  these  formulae  we  have  for  the  division  error  of 
;he  line  numbered  m  on  scale  A,  supposed  to  have  n+1  lines, 
lumbered  from  0  to  n,  the  following : 
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K.  =  ^2K  1 


1  » 

Division  error  of  line  m  =  2  K— mK,  I 

And  for  the  other  scale, 

M 

Division  error  of  line  m  =  —  (2Q— mK,) 

3.  The  above  is  GilFs  method,  substantially  in  the  form 
described  in  the  Monthly  Notices  (vol.  xlix,  p.  110) ;  thon^h 
the  way  in  which  it  is  presented  has  been  somewhat  modified. 
The  formalaB  (1)  are  the  same  as  Lorentzen's  final  formnls^ 
given  in  Astr.  Nach.,  3336. 

The  next  step  is  to  caicnlate  the  weights  of  the  division 
errors  determined.  This  can  be  done  very  easily,  if  we  notice 
in  Table  I  that  the  sum  of  any  number  of  consecutive  paren- 
theses in  the  same  horizontal  line  is  known  with  the  same  pre- 
cision as  any  one  parenthesis  alone.     Thus  the  quantity : 

(e-d,)  +  {d-c,)  +  {c,-b,) 
is  known  with  the  same  precision  as  the  equivalent  quantity: 

This  circumstance  will  of  course  affect  the  sums  of  the  K\ 
the  mean  error  of 

for  instance,  being  by  no  means  as  great  as 

V^(mean  error  of  KJ, 

as  it  would  be  if  K,  and  K,  were  independent.  Now  let  ns 
put: 

€  =  mean  error  of  any  of  the  observed  quantities,  as  c^,  5,,  etc., 

which  are  supposed  to  be  all  observed  with  equal  precision. 
A«=  division  error  of  line  m  on  scale  A. 

so  that  8^  is  the  sum  of  all  the  letters  except  the  first  and  last, 
after  each  has  received  the  subscript  m.  Then  we  get  at  once 
from  equations  (1) 

n      1  n  »+i 

Also  we  see  from  Table  I  that 

n2K  =«3— 5,4- (e,,  +  e«^,+  .  .  .  +e,_,)— (a«+,  +  a^,+  . .  .+0.) 

m+l 

Substituting  these  values  in  the  previous  equation  gives: 
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n*    L  •      0         1     J      n*L  •        •+!    J       n 

is  equation  is  not  intended  for  calculating  A^,  since  equa- 
1  (1)  is  more  convenient  for  that  purpose.  But  in  the 
«ent  equation,  all  the  quantities  are  independent,  so  that  it 

I  be  used  at  once  for  getting  E,  the  mean  error  of  A„».  Since 
3  the  mean  error  of  any  one  of  the  observed  quantities,  we 

II  have : 

(mean  error  of  *,)*  =  (n— 1)£€ 

m  — 1 

(mean  error  of  2ey=imBB 


0 

•—I 


(mean  error  of  ^6)'=  {n—w^ee 

(mean  error  of  5„)*  =  (n— !)« 
etc.  etc. 

Qsequently, 

KE=  I  [^J  [n-l  +  m+m]  |  ,b 

=  2[n*(n-l)+m(n-m)]^ 
therefore,  we  assume  our  unit  of  weight  such  that : 

shall  have  for  computing  the  weight  P^  of  line  m  on  scale 
the  equation : 

1    _2(n^l)      2m 
r^  nr  n  ^  '  ^  ' 

has  a  maximum  value  for : 


n 
'"=2- 


\  therefore  have : 


-p-  (maximum)  =  —^  (3) 

B  minimum  value  of  p-,  subject  of  course  to  the  condition 

t  m  may  only  vary  from  1  to  n— 1,  will  occur  when : 

m  =  1  or  m  =  w— 1 

dither  case : 

1  ,    .  .         .      2(n-l)(n*+l)  -  ^ 

p  (mmimum)=  -^^ ^, — i— '  (4) 
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The  difference,  therefore,  is  : 

=r  (maximum)  —  =r  (minimum)  =  =-^ — j — — 

The  formula  obtained  by  Lorentzen  for  computing  P^  is,  allow- 
ing for  the  difference  of  notation  (Astr.  Nach.,  3134,  Eq.  15): 

which  agrees  with  equation  (2)  just  obtained.  But  Lorentzen^s 
value  for  the  weight  of  a  quantity  he  calls  d,  which  equals  the 
excess  of  the  true  average  space  of  scale  A  over  the  true  aver- 
age space  of  scale  B,  is  not  quite  exact.     In  our  notation  this 

excess  is  — K^,  and  as  we  have  seen,  it  is  equal  to : 

— ^  (the  sum  of  all  the  parentheses  in  Table  I). 

We  have  also  seen  that  the  sum  of  all  the  parentheses  in  any 
horizontal  line  of  Table  I,  has  for  the  square  of  its  mean  error 
the  quantity : 

266 

And,  as  there  are  2;i— 1  horizontal  lines,  the  sum  of  the  whole 
table  has  for  the  square  of  its  mean  error : 

2(2n— l)£f 

Therefore  the  square  of  the  mean  error  of  ^  is : 

2(2n— 1) 
n 

and  the  weight  of  5,  ee  being  taken  as  unity,  is  : 


2(2n-l) 


which  may  be  written  : 


n 


4-?- 
n 


Lorentzen  gets   for   the  same  quantity  the  slightly  incorrect 
value : 

4 

In  Table  II,  which  will  be  given  further  on,  are  contained 
the  maximum  and  minimum  weights  obtained  in  Gill's  method 
for  various  values  of  n,  Tlie  table  is  computed  by  means  of 
equations  (3)  and  (4).  When  n  is  an  even  number,  the  maxi- 
mum weight  applies  to  the  middle  line  of  the  scale ;  and  when 
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I  an  uneven  number,  it  applies  to  either  of  the  two  lines 
rest  the  middle  of  the  scale. 

.  Having  now  described  Gill's  method,  I  shall  proceed  to 
w  how  it  may  be  improved  very  materially.  For  this  pur- 
^  let  us  resume  the  equation  : 

nL  0         iJnL         •»         +ijw 

7  let  us  suppose  that  the  various  observed  quantities  con- 
ed in  Table  1,  have  been  determined  with  different  weights 
allows : 

Weight  of  a,  =  -y- 

Weight  of  c,  =  -7- 

etc.  etc. 

ther  words,  let  us  indicate  the  number  of  times  each  letter 
►bserved  by  the  reciprocal  of  that  letter  prvmed.  Then  if 
put: 

)wing  the  analogy  of  «^,  already  employed,  we  shall  have: 

(mean  error  of  «J'  =  b\zb 
(mean  error  of  sj)^  =  «'^e£ 

(mean  error  of  JS  6)'=  ee  2  c' 


0  0 

etc.  etc. 


isequently  we  shall  have  for  computing  the  square  of  the 
in  error  of  line  ra  on  scale  A,  assuming  c«  =  1 : 

XEE)^  =  n*i-  =  nV^  +  (w-m)'r«',-h"SV+  S  a'  1 

^m  L  0  I  -J 

+  m'  r«'.  +  "i  V  +  i  a'  "I  (6) 

3  equation  may  be  used  in  a  very  simple  way  for  strength- 
ig  (iill's  method.  Let  us  put  the  weights  of  all  the  exterior 
ntities  in  Table  I  equal  to  each  other,  i.  e.,  let  us  put : 

.L—  i— JL  —  1— 2— -1-  2  -J.— i -2— i.— L— -1 

c,      d,     €,      6,      e,     e,     d,     c,     6,     a,    a,     a,    a, 

suppose  any  one  of  these  quantities  to  be  represented  by 

In  other  words,  let  us  observe  every  comparison  between 

two  scales  in  which  either  of  the  four  end  lines  appears  — 
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times  instead  of  once,  and  use  the  mean  in  the  further  cornpn^ 
tations.    We  then  have,  since  ee  =  1 : 

«'«  =  n-1,  8\  =  (n-l)2',  «',  =  {n-l)q 

M— 1  n  «  — 1  « 

JS  ^  =  mq^  2  a'  =  i/ig',  JS  g'  =  (n— m)g',  2  a'  =  (n— m)j, 

So  that  if  we  put  all  the  other  weights  equal  to  unity,  equation 
(5)  becomes : 

This  equation  agrees  with  (2)  if  we  put  unity  for  q. 

I  shall  call  Gill's  method,  when  modified  in  the  manner  jnst 
explained,  method  1.  In  Table  II  given  below,  will  be  found 
the  maximum  and  minimum  weights  belonging  to  method  1, 

f laced  for  comparison  next  to  those  belonging  to  Gill's  method, 
n  order  to  bring  out  more  clearly  the  advantage  of  method  1, 
I  have  also  put  in  the  table  the  total  number  of  observations 
required  for  carrying  out  Gill's  method,  and  the  additional 
number  required  for  method  1.    This  number  is  : 

For  Gill's  method,            (n+ 1)»—2 
Additional  for  method  1,    (4n— 2)  / 1  J 

In  computing  the  column  "  Time  used  "  I  have  taken  as  the 
unit  the  time,  required  to  make  one  observation  in  Gill's 
method.  I  have  then  assumed  that  the  additional  observations 
of  method  1  each  require  only  one-fourth  as  much  time,  since 
they  simply  consist  in  additional  settings  after  the  microscope, 
etc.,  have  been  brought  into  position  and  adjusted.  In  com- 
puting the  table,  I  have  put : 

which  is  equivalent  to  observing  all  the  comparisons  involving 
the  end  lines  four  times.  It  does  not  seem  desirable  to  carry 
the  number  of  observations  beyond  four  for  any  one  compari- 
son, since  it  is  doubtful  if  the  mean  of  a  large  number  of 
observations  of  this  kind  really  possesses  a  weight  correspond- 
ing to  that  number. 

For  the  sake  of  comparison,  I  set  down  here  the  theoretical 
weights  which  would  result  from  a  rigid  least  square  discussion 
of  the  observations  in  Gill's  method,  according  to  Lorentzen*. 
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Weight. 


n 

Max. 

Min. 

3 

2-15 

2J6 

4 

2-77 

2-68 

5 

3-36 

3-19 

6 

3-99 

3-69 

10 

6*49 

6-74 

will  be  seen  that  these  weights  are  nearly  the  same  as 
obtained  in  Gill's  own  method  of  reduction. 


Table  II. 


Time  used  ' 

I  Method. 

Method  1. 

Max.  Weight. 'No.  of  Obs.  Yarbitrary) 

Min.Wt 

,.  X  10« 

Weight. 

Weight. 

Min.  Weight           i 

addit.;     ««ii*)- 

Time  used. 

IX. 

Min. 

Max.    Mio. 
3-45    3-44 

Giii 

1 
100 

171IX 

14 

1 

Gill 
14 

1 
21-5 

GiU 

1 

>3 

202 

1-00 

30 

14-3 

16-0 

9 

2-44 

413    410 

I  02 

l-Ol 

23 

42      23 

33*5 

10-5 

12-2 

>0 

2-95 

403    4*88 

102     roi 

34 

54 

34 

47-6 

8-6 

10-2 

17 

3-40 

5-65    6-62 

1-02    ,  l-Ol 

47 

66 

47 

63-5 

7-1 

8-8 

18 

400 

6-62    6-68    102       101 

62 

78 

62 

81*6 

6-4 

81 

19 

431 

7-091  704    102       101 

79 

90 

79 

101-5 

5-6 

6-9 

5 

6-05 

8-33|  826    102    i   101 

98 

102 

98 

123-6 

5-1 

6-7 

19 

6-41 

8-93     8  85    1  02    1    101 

119 

114 

119 

147-5 

4-3 

60 

)6 

7-94 

12-90!l2-82    102       I'Ol    ;254 

174 

254 

297-5 

3-2 

4-3 

13     10*42 

16-86  16-78'   1-01       101 

1 

439 

234 

439 

497-5 

2-4 

3-4 

e  last  two  columns  of  Table  II  bring  out  very  clearly  the 
itaffe  of  method  1  over  Gill's.     It  may  be  objected  that 

columns  depend  upon  the  somewhat  arbitrary  assumption 
the   additional  observations  require  only  one-fourth  the* 

needed  for  the  first  ones.     But  it  should  be  noted  that 

without  this  assumption,  these  columns  would  show  an 
asing  advantage  for  method  1,  as  soon  as  n  becomes  larger 

10  or  12.     The  same  would  be  true  even  for  the  smaller 

js  of  n  if  we  were  to  put  —  equal  to  2  or  8  instead  of  4. 

the  assumption  seems  fully  justified  by  the   experience 
;d  by  Dr.  Gill  and  others  in  investigating  the  scales  of  the 
hefiometer. 

The  above  method  1  leaves  very  little  to  be  desired  on  the 
of  variation  in  the  weight  with  which  the  several 
ion  errors  are  determined.  Consequently  the  investiga- 
3f  a  method  which  will  make  these  weights  all  equal  is  of 
est  chiefly  from  the  theoretical  point  of  view.  Still  an 
ion  might  possibly  arise  when  it  would  be  worth  while  to 
the  extra  trouble  necessary  to  bring  about  this  equality  of 
hts.  This  can  be  done  by  the  following  method,  which 
ill  call  method  2.     Let  us  resume  equation  (5) : 
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*^«  L  0  1        J 

4- m»  r«',  +"^'e'  +  i^  a'l  (5) 

L  "  "H-i     J 

and  put  m+1  for  wi  in  it.     This  gives : 

^m^\  L  •  1         -J 

+  (m  +  l)'    r«'.  +"^V  4-  la'"] 

In  order  to  bring  about  equality  of  weights,  we  have  only  to 
make : 


4  1         -     1 


*^^i»+i 


If  we  do  this,  and  let  —  have  the  same  signification  as  before, 
we  get,  after  some  simplification  : 

«'i.-«Wi  =  ?^[/i-l  +  2m(n-2)]  (7) 

This  equation  shows  that  the  sum  of  the  reciprocals  of  all  the 
weights  (except  the  top  and  bottom  weights)  m  any  column  of 
Table  I  exceeds  that  in  the  following  column  by  the  quantity: 

^[n-H.2m(n-2)] 

And  if  this  equation  be  satisfied  for  all  values  of  m  from  m^\ 
to  m=n— 2,  tlie  division  errors  will  be  determined  with  eqnal 
weight.  If  we  substitute  successively  1,  2,  3,  . ,  n.— 2  form  in 
equation  (7),  we  get  a  series  of  quantities  in  arithmetical  pro- 
gression.    Summing  this  we  derive  : 

«'-«'-  =  -  l^(«-l)  +  ^  [m(n-2)  +  l]m       (8) 

This  equation  shows  that  8\  can  never  exceed  *',»  by  a  quantity 
greater  than  23^71 ;  and  since  an  inspection  of  Table  I  shows 
that  5\— «'m  cannot  possibly  be  made  greater  than  n— 1,  it  fol- 
lows that  2^  cannot  be  taken  greater  than  unity,  or  q  greater 
than  J.  We  have  already  explained  that  it  is  not  desirable  to 
make  q  less  than  J.     It  will  therefore  be  best  to  put  as  before: 

It  is  obviously  desirable  to  make : 

«',  =  n— 1 

or  in  other  words,  to  observe  once  all  the  quantities  in  Table  I 
that  have  the    suffix  1,  except  the  top  and   bottom  ones  ^, 
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and  a,.  By  means  of  equation  (8)  we  can  then  find  out  how 
many  times  to  observe  the  quantities  having  the  suffix  m.  Of 
course  we  cannot  apply  equation  (8)  rigorousljr,  as  that  would 
make  it  necessary  to  observe  some  of  the  quantities  a  fractional 
number  of  times.  In  fact,  if  we  observe  even  one  of  the 
quantities  in  column  m  twice  instead  of  once,  we  shall  have 
made: 

and  we  cannot  possibly  make  it  less  than  \^  unless  we  leave  it 
zero.     It  will  therefore  be  best  to  begin  to  make 

as  soon  as  its  theoretical  value  exceeds  ^,  and  to  continue 
it  \y  until  its  theoretical  value  reaches  f .  We  can  then  make 
it  1,  until  its  theoretical  value  exceeds  |^,  etc.  To  do  this  con- 
veniently, we  must  solve  equation  (8)  for  m,  after  putting 
g  =  i-     This  gives,  finally : 

^  ^V^-l)  (n-2)  +  8n>-2)  {s\-b^)  +  1-1      (9) 

2(n— 2) 

We  shall  now  apply  this  to  an  example.  Suppose  n]=  4,  as 
in  Table  I.    Equation  (9)  then  becomes : 

^^  V25  +  256(g\-g^J~l 

4 
from  which  we  get : 

for  «\— «'«  =  i  m  =  2,  1 

We  should,  therefore,  in  Table  I  begin  to  observe  one  of  the 
interior  quantities  twice  for  m  =  3.  For  this  purpose  we 
might  select  either  J,  or  c^,  t^ 

The  above  method  2  renders  all  the  weights  almost  exactly 
equal.  What  the  common  weight  is  can  be  computed  from 
equation  (5).  Since  the  weight  is  always  the  same,  we  may 
put  in  equation  (5) : 

m  =  1,  8*^  =  n— 1 
We,  therefore,  also  have : 

8\    =  {n—\)q  8\    =  (n— 1)3' 


m 

n 


2;a'=  q  2a'=  (w  — 1)$' 

Consequently : 

J__n-1      r(n~l)  (n^-l)       3(n~l)-] 

P"~    n'    "^  L  ii*  "^      n*       J^ 

Am.  Joub.  Sol — Fourth  Series,  Vol.  I,  No.  6.— Mat,  1896. 
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which  does  not  differ  very  much  from  the  weight  obtained  in 
method  1. 

6.  As  an  example  of  the  use  of  method  1,  1  have  caused  two 
of  my  students,  Messrs.  Schlesinger  and  Ling,  to  make  a  deter- 
mination of  the  non-periodic  errors  of  one  of  the  screws  of 
the  double  microscope  of  the  Repsold  machine  for  measuring 
photographs  at  Columbia  College  Observatory.     The  method 
is  admirably  adapted  for  this  purpose,  and  I  am  not  aware  that 
it  has  been  used  elsewhere  for  examining  screws.     It  is  merely 
necessary  to  take  readings  on  the  successive  divisions  of  the 
millimeter  scale  of  the  machine,  arranging  them  in  accord  with 
the  scheme  explained  above.     Such  a  set  of  readings  is  set 
down  in  Table  A  below,  the  number  attached  to  each  screw- 
reading  being  the  weight  of  that  reading,  or  the  number  of 
times  the  line  of  the  scale  was  bisected  at  that  point.    The 
exterior  quantities  have  been  observed  three  times,  instead  of 
four,  as  recommended  in  this  paper.     This  was  done  to  save 
time.     Table  B  is  obtained  from  Table  A  by  taking  the  dif- 
ferences of  the  successive  numbers,  and  corresponds  exactly  to 
Table  I  given  on  page  336.     In  Table  C  the  K's  are  set  down, 
and  their  summation  gives  the  corrections  of  the  screw  at  the 
points  5,  7,  9,  11,  13,  15,  revolutions.     In   column   four  of 
the  table  the  necessary  corrections  are  applied  to  give  results 
in  terms  of  the  screw  as  a  standard,  instead  of  the  scale.    This 
is  done  by  means  of  equation  (1).     Column  five  contains  the 
corrected   division  errors,  as  determined  by  the  observer  S. 
Columns  six  and  seven  contain  the  results  oi  the  observations 
by  L.  and  of  a  second  set  of  observations  by  S.      The  last 
column  gives  the  mean.     In  all  these  tables,  unity  in  the  fourth 
decimal  place  corresponds  to  one-twentieth  of  a  micron  on  the 
scale.     It  will  be  noticed  that  in  one  case  only  does  the  differ- 
ence from  the  mean  amount  to  half  a  micron,  or  ^^^^^  of  an 
inch  on  the  scale.     This  implies  that  in  measuring  any  object 
with  this  microscope,  we  need  not  fear  errors  of  greater  amount 
than  i^\^^  inch,  on  account  of  the  non-periodic  errors  of  the 
screw.     It  is  to  be  noted  also  that  this  method  gives  the  errors 
of  the  screw   without  the   assumption   of  any  law  of  error, 
while  in   many   investigations  by  other  methods  it  has  been 
customary  to  assume  that  the  non-periodic  screw  errors  could  be 
represented  by  a  parabolic  curve. 
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Table  A. 
Horizontal  argument :  Scale  reading$. 


78 


mm 


T7 


mm 


Operation  1  13  0027  (3)  14*9983  (3) 

110023  (3)  13-0005(1) 

90070^3)' 110088(1) 

70062  (3)    90076  (1) 

4-9945  (3)    6  9935  (1) 

5*0046  (3) 


2 

3 

4 

5 

6 

71 

8; 

9 


76' 


mm 


14-9960 

13*0075 

110055 

8*9940 

6-9995 

4-9970 


75"»™ 


74 


mm 


73 


(3); 

(l)!l5-0038 
(1)  130075 
(1)  10-9985 
(1)  90035 
(3)  6-9980 
;  5-0013 

I 


(1) 


(3) 

15-0013 
12-9950 
(1)110035 
(1)  9-0000 
(3)  70015 
5-0003 


(V  14-9917 
(1)  13*0022 
(1)  10*9982 
(1)  8-9992 
(3)'  7-0002 


Table  B. 
Excess  of  Two  Revolutions  of  Screw  over  Space  on  Scale, 


Scale  78-77 

»»  76-75 
»*  75-74 
•*     74-73 


Screw,  j   Screw 
5-7  7-9 


Means 


-0010 
-•0026 
+  -0010 
+  -0002 
—  0001 


-•0005 


+  0013 
+  *0006 
+  *0050 
+  0020 
— *0023 


Screw 
9-11 


+  *0013 


+  *00]8 

—  0020 
+  0045 

—  0005 
-0018 

+  -0004 
K, 


Screw    '  Screw 
11-13        13-15 


-0018 

—  •0013 
+  -0020 
—•0035 

—  0013 


•0044 
•0045 
•0037 
0062 
•0033 


-0012 
K4 


-0044 


Table  C. 


Screw 

K 

2K 

-^wiKo 

5 

•0000 

0000 

-0000 

n 

—  0006 

-0006 

+  -0008 

9 

+  *0013 

+  *0008 

+  0017 

11 

+  'p004 

+  0012 

+  0025 

13 

-0012 

•0000 

+  *0036 

15 

-0044 

-0044 

+  0044 

1                 1 

Obs'r.  S. 
Div.  error 


■0000 
+  ^0003 
+  0025 
+  0037 
+  0036 

•0000 


ObaV.  L. 
Div.  error 


*0000 
+  0016 
+  •0018 
+  0031 
+  0036 

•0000 


Obs'r.  S. 

2d  set 

Div.  error 


•0000 
-0002 
+  •0016 
+  0027 
+  -0033 

•0000 


Mean 


•0000 
+  0006 
+  •0020 
+  0032 
+  0035 

•0000 


These  division  errors  are  to  be  subtracted  from  observed 
readings  of  the  screw. 

Columbia  University  Observatory,  New  York. 
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Art.  XL. — Studies  upon  the  Cyperacem :  by  Theo.  Holm. 

(With  Plate  IX.) 

I.  On  the  moDopodial  ramification    in   certain  North-American 

species  of  Carex, 

Two  kinds  of  ramification  are  known  to  be  represented  in 
the  genus  Carex:  the  sympodial  and  the  monopodial.  The 
first  of  these  is  the  most  common,  and  species  which  exhibit 
this  ramification  show  only  the  development  of  one  single  axis, 
which  in  its  first  year  of  growth  merely  develops  leaves,  until 
it  finally,  two  or  three  years  later,  passes  over  into  a  flower- 
bearing  stem.  In  this  case  the  leaves  and  the  flower-bearing 
stem  are  both  developed  from  the  same  bud.  But  in  the 
other  kind  of  ramification,  the  monopodial,  two  special  forms 
of  buds  develop,  the  main  one  of  which  continues  to  develop 
leaves,  while  the  floral  buds  are  constantly  lateral.  In 
this  case  there  are  two  different  axes,  and  species  which  pos- 
sess such  kind  of  ramification  are,  therefore,  biaxial. 

These  two  forms  of  ramification  are  easily  recognized  in  our 
species  of  Carex.  The  sympodial  shows  us  a  central  flower- 
bearing  stem,  the  base  of  which  is  surrounded  by  more  or  less 
faded  leaves  from  the  previous  year,  while  the  monopodial 
shows  a  central  leafy  shoot  with  a  number  of  laterally  devel- 
oped flower-bearing  stems.  The  terminal  shoot,  when  purely 
vegetative,  can  continue  to  grow  for  several  years,  and  when  it 
finally  dies  off,  one  or  more  vegetative  buds  develop  from  the 
axils  of  its  leaves,  which  grow  out  and  repeat  the  same  kind 
of  ramification.  It  is  now  interesting  to  note,  that  the  mono- 
podial ramification  is  only  known  as  very  rare  in  the  genus 
Carex. 

The  German  botanist  Wydler  deserves  the  credit  for  being 
the  first  one  to  observe  it  in  Carex,  and  he  described  it  as 
characteristic  of  two  European  species :  C.  digitata  L.  and  C. 
ornithopoda  Willd.*  Some  years  later  Alexander  Braun 
attributed  the  same  form  of  ramification  to  Carex  pit^sa  Sgo]>., 
C.  penduld  Iluds.  and  C.  strigosa  Huds.t  It  is  difficult  to 
know,  however,  whether  this  statement  of  Braun  is  really  cor- 
rect. Doell  has,  at  least,  contradicted  him  so  far  as  concerns 
C.  strigosa  and  C.  pilosa^X  and  he  states  that  by  examining  a 
large  number  of  specimens  of  C.  strigosa,  the  flower-bearing 
stems  were  constantly  found  to  be  central,  and  that  he  was 
unable  to  detect  any  central  vegetative  shoot  in    C.  pilosa. 

♦Ueber  die  Achsenzahl  der  Gewachse,  Bot.  Ztg.,  1844. 
f  Das  Individuum  der  Pfianze  in  seinem  Yerhaltniss  zur  Species,  Abhdlg.  d. 
k.  Acad.  d.  Wissensch,  Berlin,  1863,  p.  90. 
t  Flora  von  Baden,  Carlsruhe.  1857. 
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Celakovsky,  however,  has  supported  Braun's  opinion,  and 
declared  Doell's  statement  to  be  incorrect  in  regard  to  O. 
pUosa*  The  flowering  stems  are  actually  lateral  in  this 
species,  bat  the  central  vegetative  axis  dies  off  very  soon.  Onlv 
one  more  species  has  been  added  to  these,  namely  C.  glohvlarts 
L.,  by  Callm^.f 

If  we  now  consider  our  North- American  species,  it  is  sur- 
prising to  see  that  the  systematic  authors  keep  perfectly  silent 
m  this  niatter,  although  Boott  has  illustrated  it  so  exceedingly 
correct  in  several  of  his  figures.:]: 

The  monopodial  ramification  is  very  well  represented  in 
this  country,  and  exists  in  several  of  our  commonest  speciea 
It  is  characteristic  of  all  the  species,  which  Bailey§  has  enume- 
rated under  the  group  "  LaxiflorcB  '*  of  Kunth,  viz;  C.  laxi- 
flora  Lam.  and  its  varieties,  C.  Uendersoni  Bailey,  G.  laxiculmia 
Schw.,  C,  ptychocarpa  Steud.,  C.  digitalis  WiUd,^  G,  Careyana 
Porr.,  G  plantaginea  Lam.  and  C  platyphyUa  Carey ;  besides 
that  it,  also,  exists  in  the  remarkable  species  G,  Fraseri  Andrews 
3f  the  ^^  PhysocephalodP  We  have  examined  several  speci- 
tnens  of  these  species  and  the  character  appears  to  be  constant. 

The  accompanying  plate  (IX,  fig.  1)  illustrates  this  ramification 
IS  shown  in  V,  platyphyUa^  the  specimen  collected  in  the  early 
spring.  We  see  here  a  perennial  vegetative  shoot,  the  base  of 
sfhich  is  surrounded  by  a  number  of  buds,  which  will  develop 
into  flower-bearing  stems  during  the  same  spring.  These 
Joral  buds  are  all  developed  in  the  axils  of  ola  leaves,  which 
ire  situated  on  the  same  axis  as  those  of  the  upper  part  of  the 
ihoot,  which  are  now  in  their  prime  of  growth,  fey  examin- 
ing the  axils  of  the  younger  leaves,  we  find,  also,  buds,  which 
^ill  develop  into  floral  shoots  one  year  later.  It  cannot,  how- 
ever, be  decided  with  any  certainty  how  long  the  vegetative 
(hoot  can  continue  its  growth,  but  it  seems,  at  least  in  the 
ipecies  enumerated  above,  that  it  can  persist  for  more  than 
;nree  years.  G.  digitalis  forms  perhaps  an  exception,  since 
he  vegetative  shoot  in  most  of  the  specimens  examined  did 
lot  seem  to  have  persisted  for  a  longer  time  than  two  years. 
Che  growth  of  the  mdividual  is,  however,  as  mentioned  above, 
lecnred  by  the  development  of  a  few  lateral  buds  next  to  the 
loral  ones.  There  are  some  other  species  of  Garex^  which 
)robably  are  monopodial  like  the  above  mentioned.  These 
ire,  e.  g.,  G,  pubescens  Muhl.,  G.  oligocarpa  Schk.,  CI  grisea 
iVahl.,   C,  gracillima  Schw.  and   G.  arctata  Boott.      These 

•  PflaDzenmorphologische  MittheiluDgen,  Lotos,  vol.  xiv,  1864,  p.  20. 

t  Ueber  zweigliedrige  Sprossfolge  bei  den  Arten  der  Gattung  Carex,  Berichte 
.  deutsch.  botan.  Gesellsch ,  vol.  v,  1 887. 

1  lUustrations  of  the  genus  Carex,  London,  1858-67. 

§  A  preliminary  synopsis  of  North- American  Carices,  Proceed.  Am.  Acad,  of 
jrts  and  Sciences,  April  14,  1886. 
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species  do  not  show,  however,  any  persistent  central  vegetative 
snoot,  bnt  the  flower-bearing  stems  appear,  nevertheless,  as  if 
they  were  lateral.  We  mignt  suppose  in  these  eases  that  the 
age  of  the  vegetative  shoot  does  not  exceed  one  year.  C. 
graciUima  and  C,  arctata  are  perhaps  to  be  compared  with 
the  above  described  C.  pilosa. 

A  marked  characteristic  of  these  monopodial  species  is  that 
the  floral  shoots  are  surrounded  at  their  base   by   scale-like 
leaves.     In  the  sympodial   the  flower-bearing  stems  are  com- 
monly, if  not  always,  surrounded  by  proper  leaves  with  closed 
sheaths  and  long,  green  blades.     The  monopodial  ramification 
is,   therefore,   represented  in   this  country   by  a  number  of 
species,  most  of  which  are  common  and  abundantly  occurring. 
These  species  are  not  exclusively  southern  forms,  since  sevenu 
of  them  extend  as  far  north  as  Canada,  according  to  MacouD.^ 
The  character  of  being  monopodial  does,  thereiore,  not  seem 
to  be  favored  by  any  special  climate  ;  we  can  only  state  that  it 
seems  to  be  especially  well  represented  on  this  side  the  Atlan- 
tic, and  we  might  perhaps  feel  justified  to  add,  that  it  is  preva- 
lent among  our  sylvan  forms.     Purely  vegetative  shoots  are, 
however,  not  exclusively  connected  with  the  qionopodial  rami- 
fication.    There  are  among  the  sympodial  species  some,  which 
yearly  develop  assimilatory  shoots,  which  die  oflf  in  the  first 
year  of  their  growth.     Such  species  show,  then,  besides  the 
flowering  stems,  a  number  of  very  densely  leaved  shoots,  for 
instance  C.  trtbvZoides  Wahl.  with   its   varieties,   C.  Muskin- 
crumensis  Schw.,  C,  straminea  Willd.  and  C.  SartweUi  Dewey. 
These  sterile  shoots  develop  sometimes,  as  figured  on  our  Plate 
IX  (fig.  2,  by  h)  small  lateral  buds  in  the  axils  of  their  leaves, 
which,  however,  die  off  at  the  same  time  as  the  entire  shoot 
itself.     It  is,  at  the  same  time,  interesting  to  observe  the  base 
of  the  shoots,  both  the  floral  and  vegetative,  of  C.  tribtdoides 
and   C.  Mvskingumensia  (Plate  IX,  figs.  2  and  3).     We  find 
here  distinct    internodes  which   are   not  hidden    within  the 
sheaths  of  leaves,  but  which  are  free  to  quite  a  considerable 
extent.     These  basal  internodes  are  even  sometimes j?eniculate 
and  show  the  nodes  almost  as  distinct  as  in  the  Gramine<B. 
But  otherwise,  as  it  is  stated  in  the  Manuals,  etc.,  the  basal 
internodes  in  Carex  are  very  short  and  perfectly  invisible  on 
account  of  the  densely  crowded  leaves. 

Washington,  D.  C,  February,  1896. 

Explanation  op  Plate  IX. 

Figure  1. — Specimen  of  Carex  platyphylla  at  its  vernal  stage,  showing  a  oentral 

vegetative  shoot  and  a  number  of  lateral  floral  ones.     Natural  site. 
FiQUBE  2. — Specimen  of  Carex  tribuhides,  showing  one  floral  and  one  vegetative 

shoot.     The  base  shows  distinct  intemodes.     About  one-third  of 

the  natural  size. 
Figure  3.  — Base  of  a  floral  shoot  of  Carex  Muskingumensis  with  long  internodes 

and  distinct  nodi.     Natural  size. 

*  Catalogue  of  Canadian  plants,  Part  IV,  Findogens,  Montreal,  1888. 
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Art.  XLI. — 771^  Bearpaw  Mountains  of  Montana.    First 
Paper ;  by  Walter  Harvey  Weed  and  Louis  V.  Pirsson. 

[Continued  from  p.  301.] 

Beaver  Creek  Core. 

A  few  miles  north  of  Bearpaw  Peak  the  deeply  trenched 
valley  of  Beaver  Creek  cuts  through  an  igneous  center  or 
intmsive  stock  of  granular  rock  which  presents  a  highly  inter- 
CBting  example  of  an  igneous  mass  which,  intruded  into  sedi- 
mentary strata,  has  there  experienced  a  differentiation  in  place, 
producing  a  j^radational  series  of  rock  types.  An  excellent 
ulustration  oi  this  process,  already  described  bv  the  authors,* 
occurs  at  Yogo  Peak  in  the  Little  Belt  Eange,  the  front  of  the 
Socky  Mountain  Cordillera,  120  miles  to  the  southward,  and  it 
is  interesting  to  find  similar  rock  types  repeated  here.  The 
brief  visit  made  to  the  Beaver  stock  did  not  permit  of  a 
thorough  study  of  the  mutual  relations  of  the  different  types 
involved,  but  the  most  basic  rocks  were  found  near  the  periph- 
ery of  the  intrusion,  which  is  in  accord  with  the  usual  occur- 
rence of  such  rocks. 

The  locality  is  accessible  by  wagon  road  from  Fort  Assini- 
boine  to  the  prospect  claims  located  on  several  small  metal- 
liferous veins  occurring  in  the  stock.  The  tract  is  one  of 
gently  contoured,  grassy  summits  trenched  by  abrupt  and  deep 
drainage  ways.  The  topographic  relief  affords  no  hint  of  the 
presence  of  the  massive  rock,  and  the  slopes  are  not  scenically 
attractive.     The  accompanying  diagram  (fig.  4)  represents  an 


^  B 

Pio.  4.    Section  through  intruded  stock  at  the  head  of  Beaver  Creek,  Bearpaw 

Mountains. 

ideal  east-and-west  section  through  the  stock.  The  intrusion 
is  laccolithic  in  character,  the  sedimentary  rocks  dipping  away 
from  it  in  every  direction,  as  shown  in  the  figure.  The  exposed 
surface  of  the  intrusion  is  about  a  mile  across.  The  sedimen- 
tary rocks  are  highly  altered  and  metamorphosed  in  the  con- 
tact zone,  and  as  usaal  these  hardened  strata  resist  erosive 
agencies  better  than  the  granular  rock  forming   the  higher 

•Weed  and  Pirsson,  Igneous  Rocks  of  Yogo  Peak,  this  Journal,  1,  467,  1896. 
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ridges  and  crests  about  the  stock.  The  rocks  of  the  contact 
zone  are  well  exposed  on  the  south  side  of  the  core,  where  thej 
form  the  cliffs  on  either  side  of  Beaver  Creek,  dipping  np 
stream  and  away  from  the  stock  at  20°,  which  becomes  but  15° 
farther  away  from  the  core.  Detached  masses  of  the  altered 
sedimentary  rocks  are  in  one  place  found  resting  upon  the 
granular  rock,  as  shown  in  fig.  4.  On  the  crest  of  the  spur 
snowing  these  detached  masses  the  line  of  contact  is  seen  to  be 
somewhat  irregular,  and  the  igneous  rock  breaks  through  the 
baked  sedimentaries  in  chimney-like  masses.  The  western 
border  of  the  stock  shows  the  best  exposures  of  the  contact 
zone.  Above  the  uniform  crest  of  a  ridge  of  massive  rock,  the 
slopes  of  altered  sedimentary  strata  rise  abruptly  to  a  high 
ridge  forming  the  divide  between  the  waters  of  Beaver  Creek 
and  the  stream  to  the  west.  The  ridge  is  formed  of  highly 
altered,  hardened,  metamorphosed  shales  forming  adinoles  of 
white  and  light  creamy  tones  of  brown,  green,  lavender  and 
pink,  together  with  sandstones  altered  to  dense  compact  quart^ 
ites,  the  beds  dipping  at  20°  away  from  the  stock.  The 
metamorphic  influence  of  the  igneous  rock  is  noticeable  in  a 
zone  about  a  half  mile  in  width. 

The  massive  rock  shows  considerable  variation  in  character. 
A  rather  finely  granular,  even-grained,  syenitic  rock  showing 
equal  proportions  of  feldspathic  and  of  ferromagnesian  min- 
erals, forms  the  main  body  of  the  mass,  but  this  passes  rapidly 
in  some  places  into  a  dark,  highly  basic  type,  and  on  the  north- 
ern boundary  a  highly  feldspathic  variety  is  seen,  a  syenite, 
which  as  it  is  the  most  acidic  type  occurring  at  this  core  will 
be  considered  first. 

Beaver  core  syenite, — This  variety  occurs  on  the  north  side 
of  a  branch  creek,  from  the  east,  near  a  miner's  cabin.  It 
forms  a  debris  pile  of  rudely  platy  blocks,  is  hard  and  tough, 
ringing  under  the  hammer,  and  breaking  with  difficulty.  The 
blocks  are  lichen-covered,  but  the  rock  is  quite  fresh  though 
stained  with  iron  leachings  near  the  surface.  On  a  freshly 
fractured  surface  the  rock  is  seen  to  be  fine  grained,  evenly 
granular,  and  compact.  The  color  is  gray,  slightly  stained 
with  iron  rust.  The  rock  is  essentially  feldspathic,  and  of 
somewhat  aplitic  aspect.  Close  examination  shows  certain 
feldspars  developed  with  a  tabular  habit  which  give  long 
cleavage  planes  with  parallel  arrangement.  This  and  the 
"Schlieren"  seen  in  the  field  show  a  rude  flow-structure. 
Examined  with  the  lens,  it  is  seen  to  be  composed  mainly  of 
light-colored  feldspar,  with  a  few  inconspicuous  small  spots  of 
green  pyroxene. 
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In  thin  section  under  the  microscope  the  following  minerals 
are  found :  alkali  feldspar^  augite^  iron  ore^  quartZj  a  very 
little  hiotite^  homhiende^  and  titanite. 

The  augite  is  a  clear  green  diopside.  It  occurs  in  small 
anhedral  grains  and  there  is  veir  little  of  it.  The  iron  ore  is 
about  equal  in  amount ;  of  the  oiotite  only  a  few  shreds  have 
been  seen.     Titanite  is  rare. 

Hhe  feldspar  forming  the  main  constituent  is  entirely  of  the 
alkaline  series  ;  no  plagioclase  feldspars  have  been  found.  In 
the  main  it  has  a  rude,  thick,  tabular  habit  on  J(OIO),  giving 
square  or  rectangular  cross  sections  whose  interstices  are  filled 
by  smaller  grains  and  quartz.  It  shows  throughout  a  pro- 
nounced and  beautiful  microperthite  structure,  more  developed 
on  the  boundaries  and  thus  fringing  the  sections  with  palisade- 
like edges.  The  remaining  feldspar  consists  also  of  varying 
mixtures  of  the  albite  and  orthoclase  molecules,  giving  spotte<L 
cloudy  effects  in  polarized  light.  At  times  the  mterlaminatea 
lamellae  are  so  fine  as  to  be  seen  only  with  high  powers.  The 
feldspars  in  fact  present  most  perfectly  the  varying  effects  so 
well  described  by  Brogger  and  by  Rosenbusch  in  their  articles 
on  the  alkali  feldspars.  The  numerous  contacts  with  quartz 
show  that  they  have  always,  in  all  positions,  a  lesser  index  of 
refraction  than  the  quartz.  In  a  section  parallel  to  J(OIO)  an 
obtuse  positive  bisectrix  emerges,  and  in  some  areas  measured 
from  the  trace  of  the  good  cleavage  c(001)  the  extinction-angle 
18  7®  plus ;  these  are  of  orthoclase.  In  other  areas  it  rises  to 
19®  which  are  albite ;  these  are  marked  by  a  higher  birefrac- 
tion.  Others  give  varying  angles  between  them  and  are  mix- 
tures ;  on  this  face  the  albite  interlaminations  follow  the  direc- 
tion of  a  very  steep  dome.  In  sections  perpendicular  to  J(OIO) 
the  albite  patches  show  often  the  albite  twmning  whose  maxi- 
mum extinction-angle  was  measured  at  15°  on  either  ride  of 
the  twinning  line.  We  believe  that  these  feldspars  were  once 
homogeneous  anorthoclase  and  have  split  up  into  these  variable 
masses  through  secondary  processes.  The  average  composition 
is  given  after  the  analysis. 

The  quartz  fills  small  spaces  left  between  the  other  com- 

Knents.      It  frequently  contains   vast   quantities  of   slender 
ir-like    interpositions    which    are   indeterminable,  but   are 
believed  to  be  of  rutile  like  those  found  in  certain  granites. 

The  analysis  of  the  rock  by  Dr.  H.  N.  Stokes  yielded  the 
results  shown  on  the  following  page. 
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L  Quartz  syenite,  Beaver  Creek  stock,  Bearpaw  Moantains, 
H.  N.  Stokes  anal. 

II.  Qaartz  syenite  porphyry,  Gray  Batte  stock,  Bearpaw  Moan- 
tains,  H.  N.  Stokes  anal. 

III.  Qaartz  syenite,  High  wood  Peak,  High  wood  Moan  tains,  L 
V.  Pirsson  and  W.  L.  Mitchell  anal. 

la.  Molecular  proportions  of  No.  I. 

The  low  lime,  iron,  and  magnesia  show  that  the  rock  belongs 
in  the  alkaline  series.  A  couple  of  analyses  are  quoted  for 
comparison  from  the  first  part  of  this  paper.  In  la  are  given 
the  molecular  proportions  of  the  essential  oxides.  These  show 
some  interesting  features  in  their  mutual  relations  and  may  be 
computed  into  the  minerals  shown  in  the  section  as  follows: 
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FeO 

FeaOa 


•089 
•089 
•534 
•012 
•012 


1  (  Albite 
I  [  Magnetite 


SiO,     =  217  =  free  Quartz 


Or.  =  33^9 
Ab.  =  47-3 
Qtz.  =  13^J 
Pyr.  =  3-1 
MagD.=   n 

100.0 


The  only  deviation  here  is  some  0'14:  percent  of  lime,  which 
belongs  in  the  minute  amount  of  apatite  and  titanite  present 
and  of  which  no  account  has  been  taken.     The  rock  is  thus 
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shown  to  consist  of  over  80  per  cent  of  alkaline  feldspar  of 
varying  mixtores,  bat  whose  average  composition  would  be 
nearly  Or,Ab,. 

It  therefore  stands  on  the  boandarj  in  the  alkali  series 
between  the  granites  and  quartz  syenites ;  it  might  be  termed 
an  angite  aplite  or  granite  or  a  quartz  syenite.  It  is  a  notice- 
able ract  how  high  a  silica  content  purely  f  eldspathic  rocks  may 
carry  (albite  with  SiO,  =  68*7^  and  in  this  case  high  silica 
may  still  yield  little  free  quartz. 

Basic  syenite  or  momonite  ( Yogoite). — This  variety  consti- 
tutes the  main  mass  of  the  stock.  It  seldom  occurs  in  prom- 
inent exposures,  but  forms  talus  slopes  whose  luxuriant  cover* 
ing  of  grass  conceals  the  angular  deoris  blocks  into  which  the 
rock  breaks.  This  type  occurs  in  difFerent  parts  of  the  mass, 
showing  identical  characters.  The  specimen  described  comes 
from  the  base  of  the  slopes  east  of  Beaver  Creek. 

The  rock  is  of  a  medium  gray  color,  is  evenly  and  moderately 
fine  granular,  the  average  size  of  grain  being  about  1°"°  in 
diameter.  It  is  easily  seen  to  be  composed  of  a  white  felds« 
pathic  component  mixed  with  about  equal  quantities  of  a  dark 
augite  and  biotite,  the  au^ite  dominating  the  biotite  in  amount. 
They  do  not  appear  porpnyritic  in  development  but  in  grains 
hke  the  feldspar ;  more  rarely  the  biotite  is  seen  in  somewhat 
lai^er,  ragged,  poikilitic  plates. 

In  thin  section  the  rocK  is  found  to  be  composed  of  the  fol- 
lowing minerals :  Iron  ore^  apatite^  diopside^  oiotite^  soda-lime 
feldspar  varying  from  lahradorite  to  oligodase^  and  orthodase. 

The  diopside  is  a  pale  green,  and  is  apt  to  occur  in  short, 
stout  prisms  which  have  rough,  rounded  exteriors  giving  the 
mineral  an  anhedral  habit. 

The  biotite  is  also  allotriomorphic  with  respect  to  the  other 
minerals ;  it  has  a  strong  pleochroism  between  very  pale  yellow 
and  deep  olive  brown.  Its  period  of  formation  overlaps  the 
pyroxene  but  commenced  later ;  it  is  very  common  to  find  the 
pyroxenes  with  an  interior  zone  filled  with  biotite  shreds ; 
within  this  it  does  not  occur,  and  this  marks  the  commence- 
ment of  the  biotite  crystallization.  The  biotite  frequently 
surrounds  grains  of  iron  ore. 

The  plagioclase  feldspar  occurs  in  short,  thick  laths  which  are 
very  small  in  size  compared  with  the  other  components,  and  are 
^nerally  quite  idiomorphic.  In  amount  it  is  much  less  than 
my  of  the  other  components.  The  small  laths  lie  scattered 
iroand  among  the  other  components,  and  are  enclosed  in  the 
>rthoclase  without  orientation.  It  shows  carlsbad,  albite,  and 
■arely  pericline  twinning.  In  composition  it  is  somewhat  vari- 
ible,  the  interior  parts  being  as  usual  more  basic  ;  the  interior 
)art    is    labradorite,    and   the  outer  portion   varies  through 
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andesine  to  oligoclase.  Sometimes  tlie  crystals  are  not  zonal 
and  these  may  be  of  labradorite.  Thus  a  section  in  the  zone 
001  on  100  perpendicular  to  010  gives  for  the  albite  twins  in 
one  Carlsbad  half  35°,  35°,  in  the  other  half  17°  and  19°,  then. 
d  =  17°,  and  the  feldspar  is  a  labradorite  between  Ab, An,  and 
AbjAn^.  The  index  of  refraction  is  also  higher  than  the 
orthoclase,  in  which  the  laths  lie.  Its  period  of  formation  laps 
that  of  the  biotite. 

The  orthoclase^  which  was  the  last  mineral  to  crystallize,  fills 
the  interspaces  and  encloses  the  other  components  in  a  poiki- 
litic  manner  over  considerable  areas.  Its  determination  as 
orthoclase  rests  on  the  fact  that  in  numerous  sections  perpendi- 
cular to  an  obtuse  positive  bisectrix  the  angle  of  extinction 
varied  from  5  to  7  degrees  from  the  trace  of  the  cleavage  001 
in  the  obtuse  angle  j8,  the  section  being  oriented  by  this  cleav- 
age and  by  inclusions  which  give  the  direction  of  the  vertical 
axis  as  well  as  a  parting  which  appears  to  be  parallel  to  the 
prismatic  faces.  Thus  in  such  a  section  the  angle  was  measured 
63  and  /9  =  63°  54'.  The  extinction  measured  with  the  Ber- 
trand  ocular  is  7°  30'  from  the  trace  of  the  good  cleavage  001 
in  the  obtuse  angle.  The  albite  molecule  is  surely  present 
in  it  to  a  certain  extent,  and  some  examples  contain  patches 
of  interlaminated  albite. 

All  of  the  minerals  are  very  fresh,  and  the  structure  is  hyp- 
idiomorphic,  typical  of  granular  abyssal  rocks.  The  differences 
in  the  mineral  composition  of  this  rock  and  the  syenite  just 
described  are  of  the  same  kind  as  those  noted  between  the  two 
types  described  from  Togo  Peak,  but  the  contrast  is  even 
greater,  as  will  be  apparent  from  the  chemical  analysis. 

An  analysis  of  this  type,  made  in  the  laboratory  of  the  U.  S. 
Geological  Survey  by  l)r.  H.  N.  Stokes,  is  given  in  the  first 
column  of  the  table  on  the  next  page. 

Not  knowing  the  exact  proportions  in  which  the  elements 
enter  into  the  various  minerals  present,  it  is  not  possible  to 
calculate  their  relative  percentages,  but  it  is  clear  that  the 
albite  molecule  must  be  largely  present  in  the  alkali  feldspars. 

It  will  be  seen  that  the  agreement  between  this  type  and  the 
one  from  Yogo  Peak  is  very  satisfactory,  as  shown  by  the  small 
differences  of  only  about  1  per  cent  in  SiO„  A1,0„  and  MgO. 
The  mineral  composition  and  structure  are  also  the  same. 

Since  our  paper  on  Yogo  Peak  was  published  the  first  half  of  the 
new  edition  of  Rosenbusch's  "Mikroskopische  Physiographic" 
has  come  into  our  hands,  and  almost  simultaneously  a  notable 
work  by  Brogger  chiefly  on  the  rocks  of  Predazzo  in  Tyrol. 
The  latter  shows  that  the  granular  rocks  there  exposed  form  a 
transition  group  between  the  alkali  feldspar  ana  plagioclase 
groups  with  all  grades  from  those  rich  in  feldspar  to  those  free 
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from  it ;  farther,  the  author  proposes  to  erect  a  new  series  co- 
equal with  the  granite-syenite  and  diorite-gabbro  series;  the 
middle  members  of  this  series  are  the  '^  monzonites "  and  in 
minerals,  structure,  and  chemical  composition  they  are  the 
equivalents  of  our  Yogoites. 

I.  II.  III.  la. 

SiO     52-81  54-42  54-20            -8801 

A1,0, 15-66  14-28  15-73            -1520 

Fe,0, 306  3-32  3*67  -0191 

FeO 4-76  4-13  5-40  0661 

MgO 4-99  6-12  3-40  '1247 

CaO 7-57  7-72  8-50  -1352 

Na,0 3-60  3-44  3*07  -0580 

K,0 4-84  4-22  4-42  '0513 

H,O  +  110^ -93  -38  )  ..^ 

H,O-110° -16  -22  f  ^" 

TiO, -71  -80  -40 

Fl trace  

CI -07  

P,0, -75  -59  -50 

SO, trace  

MnO trace  -10  -70 

BaO -24  -32  ? 

SrO -09  -13  ? 

Li,0 trace  trace            

100-24       100-19  100-49 

0=C1 -02 


100-22 


L  Monzonite,  "  Yo^oite,'*  or  basic  syenite,  Beaver  Creek,  Bear- 
paw  Mountains.     H.  N.  Stokes  anal. 

II.  Monzonite,  "  Yogoite,"  or  basic  syenite,  Yogo  Peak,  Little 
Belt  Mountains,  Montana.     W.  F.  Hillebrand  anal. 

III.  Monzonite  (Brdgger,  Erupt.  Gest.  Predazzo,  1895,  p.  24).  V. 
Schmelck  anal. 

lo.  Molecular  proportions  in  No.  I. 

This  is  also  clearly  shown  by  analysis  No.  Ill,  which  is  that 
of  a  typical  monzonite.  Rosenbusch,*  however,  regards  these 
as  being  representatives  of  the  basic  syenites,  or  that  member 
of  the  syenite  family  rich  in  the  dark-colored  components  as 
its  distinguishing  characteristic.  He  calls  it  the  monzoni 
type. 

As  this  type  of  granular  rock  corresponds  so  closely  in  all 
essential  features  and  in  chemical  composition  with  our  yogoite 
and  the  name  "  monzonite  "  has  priority  in  date,  we  desire  to 

*Mikr.  Phys.  Mass.  Gest.,  3d  ed.,  p.  123,  1896. 
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withdraw  the  term  "yogoite"  and  snbstitate  "monzonite"  in 
its  place  and  thas  avoid  confusion  in  the  nomenclature. 

In  connection  with  the  associated  occurrence  of  this  monzo- 
nite  and  the  alkali  syenite  previously  described,  it  is  of  interest 
to  recall  the  keen  remark  of  Rosenbusch*  on  the  probable  pres- 
ence of  an  alkaline  syenite  at  Monzoni. 

Leaving  aside  then  for  the  present  Brogger's  radical  proposal 
for  the  new  group,  the  augite  syenite  family,  taking  into  con- 
sideration the  relative  quantities  of  light  and  dark  minerals 
according  to  our  method  of  classificationf  would  be  as  follows; 
eanidinite^  aitgite  syeiiite  (&kerite  and  laurvikite  types),  momo- 
nite,  shonkinite,  pyroxenite.  This  leaves  out  of  consideration 
the  plagioclase  in  the  monzonite ;  if  it  is  considered  and  Brog- 
ger's  monzonite  group  be  adopted,  a  gap  is  left  to  be  filled  by 
some  type  of  hitherto  undescribed  alKaline  syenite,  rich  in 
augite  and  free  from  plagioclase. 

Gradational  types  between  the  monzonite  and  the  more  basic 
shonkinite  were  collected  and  their  occurrence  is  quite-what  we 
should  expect. 

Shojxkiniie  type, — The  shonkinite  type,  the  complementary 
rock  of  the  acidic  syenite,  occurs  in  the  outer  or  peripheral 
part  of  the  stock.  This  rock  crumbles  readily  in  weathering, 
and  good  exposures  do  not  occur.  Pyritic  impregnations  have, 
however,  led  mining  prospectors  to  drift  into  the  rock,  and  the 
tunnel  face  and  dump  heaps  afford  quite  fresh  unaltered  mate- 
rial. At  the  Zortman  claim  the  rocK  is  mottled  and  streaked 
with  feldspathic  material  often  in  stringers  and  slender  extended 
portions  (SchliereiiY  and  large  irregular  feldspar  crystals  occur. 
The  normal  rock  is,  however,  free  from  these  streakings,  the 
specimen  analyzed  being  entirely  devoid  of  such  material. 

It  is  a  very  dark,  basic-looking  rock  of  a  moderately  coarse 
grain  and  strongly  micaceous  appearance  from  the  light  reflected 
irom  innumeraole  cleavages  of  biotite.  In  the  description 
which  follows,  the  type  from  the  Bearpaw  mine  referred  to  in 
the  first  part  of  this  paper  is  included,  as  it  differs  in  no  essen- 
tial from  the  present  occurrence. 

Under  the  microscope  it  is  found  to  consist  essentially  of  the 
same  minerals  as  the  monzonite  previously  described,  thooeh 
in  different  proportions ;  they  are  apatite,  iron  ore,  diap9ia4^ 
hiotite,  alkali  feldspar,  and  in  addition  a  very  little  olivifu  and 
probably  a  little  nephelite. 

The  apatite  is  present  in  short,  stout  crystals  which  are  clear 
and  colorless.  The  diopside  is  present  in  rather  long,  slender 
prisms  and  in  short,  round  anhedral  grains ;  it  is  of  a  very  clear 

*Mikr.  Phys.  Mass.  Gest,  3d  ed.,  p.  124,  1895. 

f  See  this  Jour.,  Rocks  of  Yogo  Peak,  p.  478,  vol.  1,  1895. 
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pale  green,  of  a  wide  extinction  angle,  good  cleavage,  and  con- 
Ains  a  few  inclusions  of  glass,  biotite,  and  iron  ore. 

The  hiotiie  is  of  a  brown,  strongly  pleochroic  variety,  which 
[msses  at  times  into  a  green  one.  It  has  the  character  of  a 
granitic  biotite  and  is  not  very  idiomorphic.  Although  so  pro- 
minent megascopically,  it  is  less  in  amount  than  the  pyroxene, 
[t  frequently  encloses  iron  ore  and  patches  of  iron  ore  and 
l)iotite  are  found  which  are  evidently  recrystallizations  after  a 
Former  olivine.  In  a  few  cases  a  little  olivine  remainder  has 
been  found  in  them.  These  are  not  like  the  opacite  resorptions 
Found  in  effusive  rocks,  but  composed  of  rather  coarse  group- 
ings of  the  minerals. 

The  fddspa/r  is  found  in  broad  masses  which  yield  wide 
plates  in  the  section.  Only  in  one  specimen  was  the  feldspar 
developed  in  thin,  flat  tables  on  h  (01 0")  with  irregular  boun- 
daries. The  broad  fields  of  it  enclose  all  the  other  minerals  in 
a  poikilitic  manner.  In  its  composition  it  is  wholly  anortho- 
elase  or  soda-orthoclase.  This  is  shown  by  the  fact  that  sections 
perpendicular  to  an  obtuse  (2H>'115°)  positive  bisectrix  give 
extinction  angles  in  a  positive  sense  of  9'^  for  the  Bearpaw  mine 
type  and  12°  30'  for  the  Beaver  Creek  occurrence  from  the 
trace  of  the  cleavage  c  (001).  The  orientation  of  the  section 
is  given  by  this  cleavage,  and  the  direction  of  the  vertical  axis 
c  by  lines  of  altered  inclusions  and  by  a  parting  which  appears 
to  be  parallel  to  a  prism  face ;  between  these  the  angle  ^  was 
measured  Q^^  in  each  case. 

The  feldspar,  moreover,  presents  all  the  characteristics  of  the 
soda-orthoclase  group,  which  have  been  so  frequently  men- 
tioned in  these  papers  and  shown  to  be  dominant  in  the  Bear- 
paw rocks.  It  has  the  homogeneous  appearance  with  low 
powers,  and  the  patchy  varying  appearance  with  high  ones 
between  crossed  nicol&  In  one  or  two  instances  plates  have 
shown  an  extremely  fine,  delicate,  scarcely  perceptible  twinning 
following  the  albite  law.  The  feldspar  is  indeed  similar  to  the 
«ryptoperthite  of  the  Norwegian  alkali  rocks. 

ISo  trace  of  any  lime-soda  feldspar  has  been  found  in  these 
shonkinites.  It  did  not  occur  in  the  original  type  at  Square 
Butte  and  was  very  sparingly  present  in  the  Yogo  Peak  variety, 
a  noteworthy  fact  wnen  the  high  per  cent  of  lime  is  considered. 
The  presence  of  a  little  nephdite  is  suspected  as  the  rock  powder 
jrields  a  little  gelatinous  silica  (not  due  to  the  olivine)  on  treat- 
ment with  very  dilute  acid.  We  have  not  found  it  in  the  sec- 
tions and  only  a  mere  trace  can  be  present. 

The  structure  is  the  typical  hypidiomorphic  one  characteris- 
tic of  even-grained  abyssal  rocks. 

The  chemical  composition  of  the  Beaver  Creek  type  is 
shown  in  the  following  analysis  made  for  us  by  Dr.  H.  N. 
Stokes : 
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I.  II.  UL  IT.  la. 

SiO 60-00  48-98  46-73  60-43         -8338 

A1,0, 9-87  12-29  1006  10-21          -0958 

Fe,0, 3-46  2-88  3-63)  ..^         -0216 

FeO 601  5-77  8-20  J  '          -0696 

MgO 11-92  9-19  9-68  5-58          -2980 

CaO 8-31  9-66  13-22  14-82          -1484 

NaO 2-41  2-22  1-81  1-48         -0888 

K,0 6-02  4-96  3-76  3-70         -0532 

TiO, -73  1-44  -78  ? 

H.O-110°....  -17  -26)  .^  . 

H,O  +  110«....  1-16  -66  f  ^^  ^^ 

Cr,0, -11  trace  

MnO trace  -08  -28          

NiO -07 

BaO -32  -43  undet.  ? 

SrO *  -07  -08  undet.  ? 

Fl -16  -22  

CaCO, -62 

CI -08           -18           

P,0, -81  -98  1-61  -70 

SO, 02          trace          

CO   -31  

Li,0 trace  trace  trace          

100-01         99.99       100-97         99.88 
0=01  AFl...        -08  -08  '04 

99-93  99*91        100*93 

I.  Shonkinite,  Beaver  Creek,  Bearpaw  Mountains,  H.  N. 
Stokes  anal. 

II.  Shonkinite,  Yogo  Peak,  Little  Belt  Mountains,  Montana. 
W.  F.  Hillebrand  anal. 

III.  Shonkinite,  Square  Butte,  Highwood  Mountains,  Montana, 
L.  V.  Pirsson  anal. 

IV.  Shonkinite,  Monzoni  (Lemberg,  Zeitsohr.  d.  deutscb.  6.  G., 
1872,  p.  201),  Lemberg  anal. 

la.  Molecular  proportions  in  No.  I. 

It  will  be  seen  in  the  above  thai  the  rock  has  all  the  char- 
acters of  the  type,  hi^h  lime,  iron,  and  magnesia  and  also  high 
alkalies  with  potash  dominating  the  soda.  We  have  introdam 
the  analyses  of  the  previous  types  described  by  us  and  also  one 
of  a  pyroxene-orthoclase  rock  from  Monzoni,  being  indebted  to 
Brogger*  for  the  reference.  It  should  evidently  fall  under 
this  type. 

Broggerf  remarks  that  shonkinite  is  "  a  peculiar  pyrox- 
enite  rich  in  plagioclase  "  ;  this  is  certainly  true,  but  the  same 

*  EruptioQsfolge  eruptivgesteine  Predazzo,  1895,  p.  66. 
fLoc.  cit. 
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definition  would  apply  a8  well  to  augite  syenite,  or  gabbro 
could  be  called  a  peridot! te  rich  in  plagioclase.  A  pyrox- 
enite,  according  to  our  conception,  is  essentially  a  non-feld- 
spathic  roclc,  and  we  desire  to  emphasize  at  this  point  that 
in  the  shonkinites  described  by  ns  the  alkali  feldspars  are  a 
constant  and  essential  component,  true  pyroxenites,  the  practi- 
cally non-feldspathic  member  of  the  series,  never  having  been 
observed  at  any  of  the  localities. 

As  a  matter  of  fact,  if  the  syenites  be  estimated  as  a  series 
practically  free  from  plagioclase  and  we  adopt  Brogger's  mon- 
zonite  group  as  an  alkali-feldspar  plagioclase  series  as  he  defines 
it,  then  the  shonkinites  are  the  syenite  equivalents  of  the  olivine 
monzonites,  while  the  pyroxenites — the  end  terms — are  alike 
in  each,  the  two  series  approaching  as  the  feldspars  diminish 
until  they  unite  in  the  last  term,  the  pyroxenites. 

This  makes  the  fourth  occurrence  of  this  rock  type  described 
by  us  from  widely  separated  and  distinct  localities  in  central 
Montana.  We  have  material,  also,  from  others  which  we 
hope  to  describe  at  a  future  date.  It  is  of  interest  to  note  that 
theralite  (a  plagioclase-nephelite,  granular  rock)  which  shonkin- 
ite  strongly  resembles  in  the  character  and  abundance  of  the 
ferro-magnesian  minerals,  also  occura  in  this  region,  in  the 
Crazy  Mts.,  but  appears  to  be  a  very  rare  type,  the  shonkinite 
being  a  more  common  and  dominating  one.* 

Differentiation  at  the  Beaver  Creek  core. — To  enter  into 
detail  concerning  the  facts  of  the  differentiation  of  igneous 
magmas  at  the  Beaver  Creek  core  and  their  bearing  on  theo- 
retic petrology,  would  be  merely  a  repetition  of  the  discussion 
^ven  in  our  former  papers.  We  have  thought  it  best,  there- 
fore, to  merely  present  the  analyses  (p.  362)  in  comparison  with 
those  at  Yogo  Peak  and  let  the  figures  tell  their  own  story. 
The  lower  figure  in  the  case  of  each  oxide  refers  to  the  Beaver 
Creek,  the  upper  one  to  the  Yogo  Peak  series. 

At  Yogo  Peak  the  series  began  with  a  quartz-syenite  por- 
phyry ,t  and  next  to  it  came  the  syenite.  The  contact,  if  any, 
between  them  is  covered,  and  we  cannot  tell  whether  the 
qaartz-syenite  porphyry  is  a  differentiation  in  place,  as  seems 

*  While  this  article  was  passing  through  the  press  we  received  a  paper  on 
"  Malignite,  a  family  of  basic  plutonic  orthoclase  rocks  rich  in  alkalies  and  lime," 
6y  Prof.  A.  C.  Lawson  (Bull.  Univ.  California,  vol.  i,  pp.  337-362,  March,  1896). 
riiese  rocks  appear  closely  related  chemically  and  in  part  mineraloKically  to  the 
^heraiites  and  shonkinites,  and  although  the  author  does  not  appear  to  recognize  it 
Lhey  clearly  belong  in  Rosenbusch's  theralitic  magma  series  (Mass.  Gesteme,  3d 
Sd..  p.  385,  1895). 

f  The  analysis  of  the  quartz-syenite  porphyry  given  is  not  that  of  the  rock 
dccurring  at  Yogo  Peak  but  of  a  precisely  similar  type  from  Big  Baldy  Mountain, 
1  few  miles  distant  It  represents  perfectly,  however,  the  Yogo  Peak  differenti- 
ation. 

Am.  Jour.  Sol— Fourth  Sbries,  Yol.  I,  No.  5.— Mat,  1896. 
24 


362     Weed  and  JPirsson — Bearpa/w  Mountains^  Montana. 

most  probable,  or  a  later  intrasioD.  In  any  case  it  is  a  differ- 
entiated phase  of  the  same  magma.  As  seen  in  the  table 
below,  its  correspondent  exists  at  Beaver  Creek,  but  the  one 
corresponding  to  the  syenite  is  wanting.  It  probably  exists, 
but  was  not  observed  m  the  hasty  examination  we  have  been 
able  to  make. 


Quartz 
Syenite. 

SiO 

J  67-04 
(  68-23 

A1,0. 

j  16-25 
(  15-12 

Fe,0. 

j  1-69 
(     1-90 

FeO 

j  1-13 
(       -84 

MgO 

j  1-76 
(       -64 

CaO 

j  2-17 
(       -92 

Na,0 

i  4-09 
1     5-30 

K,0 

j  5-10 
1     6-57 

Syenite. 
61-16 

MoDzooite 
"Yogoite." 

54-42 
52-81 

Shonkinite 

48*49 
50-00 

15-07 

14-28 
15-66 

12-29 

9-87 

203 

3-32 
3-06 

2-88 
3-48 

2-25 

4-13 
4-76 

5-77 
6-01 

3-67 

6-12 
4-99 

6-91 
11-92 

4-61 

7-72 
7-57 

9-65 
8-31 

4-35 

3-44 
3-60 

2-22 
2-41 

4-50 

4-22 

4-84 

4-96 
5-02 

The  other  types  are  clearly  shown.  In  general  a  compari- 
son of  the  two  localities  shows  the  Beaver  core  as  the  more 
alkaline  of  the  two  ;  and  the  most  important  difference  is  that 
at  Beaver  Creek ;  tlie  A1,0,  and  MgO  show  a  much  greater 
degree  of  concentration  and  inverse  variation  than  at  Yogo. 
This  inverse  variation  is  especially  marked  in  the  Beaver  Creek 
monzonite  and  shonkinite,  which  otherwise  do  not  greatly 
differ  from  one  another.  They  thus  furnish  a  most  instructive 
example  of  the  fact  that  a  nearly  similar  silica  percentage  may 
exist  in  two  types  of  rocks  which  differ  greatly  in  appearance, 
one  with  liigh  Al^O,  being  clearly  feldspatliic  and  recalling 
many  medium  diorites  in  appearance,  while  the  other,  witli 
high  IMgO,  is  dark,  basic-looKing,  and  with  evidently  prepon- 
derant ferromagnesian  minerals. 

There  are  a  number  of  interesting  dike  rocks  connected  with 
the  Beaver  stock ;  these  have  been  studied,  and  an  account  of 
them,  together  with  some  other  occurrences  of  rare  types  of 
both  intrusive  and  extrusive  rocks  in  the  Bearpaw  Mts.,  will 
be  shortly  published  in  a  second  paper  in  this  Journal. 

Washiugton  and  New  Haven,  March,  1 896. 
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Art.  XLII. — Rontgen  Rays  not  Present  in  Sunlight}   by 

M.  Carey  Lea. 

If  Prof.  Rontgen's  views  as  to  the  nature  of  the  X-rays  are 
correct,  it  would  seem  that  they  ought  to  be  found  amongst  the 
many  forms  of  radiant  energy  received  from  the  sun,  and 
various  observers  have  thought  that  they  so  found  them.  Some 
experiments,  the  most  important  of  which  will  be  here  briefly 
stated,  do  not  seem  to  support  this  opinion. 

1.  A  very  sensitive  dry  plate  (S.  2y)  was  placed  between  the 
leaves  of  a  book  so  that  100  leaves  and  the  red  paper  cover 
should  be  between  the  sensitive  film  and  the  sunlight.  The 
book  was  then  packed  in  a  box  frame  to  exclude  all  light  from 
the  sides.  A  lar^e  and  thick  lead  star  was  then  fastened 
on  the  outside  of  the  book  and  the  arrangement  was  exposed 
to  exceptionally  bright  sunshine  from  11  A.  M.  to  sunset,  March 
7.  The  plate  when  put  into  a  developing  bath  behaved  as  if 
unexposed.  A  prolonged  development  did  not  bring  out  a 
trace  of  an  image  of  the  lead  star. 

It  will  be  remembered  that  Prof.  Rontgen  found  that  the 
X-rays  penetrated  easily  through  a  book  of  1000  printed  pages. 
Indeed  G.  Moreau  has  recently  stated  that  in  his  hands  the 
X-rays  had  penetrated  through  '^  several  meters  "  of  cardboard.* 
So  that  the  above  experiment  seems  to  be  very  significant. 

2.  A  piece  of  sheet  aluminium  1'2"*"  thick  was  accurately 
fitted  into  a  frame.  A  very  sensitive  plate  was  placed  behind 
it  and  a  lead  star  in  front.  With  three  hours'  exposure  not  a 
trace  of  an  image  conld  be  obtained.  This  experiment  was 
varied  by  substituting  thin  aluminium  foil  for  the  plate,  also  by 
using  bromide  paper  as  the  sensitive  surface,  ^o  images  in 
any  case  were  obtained. 

3.  The  sun's  rays  or  some  portion  of  its  radiation  passes 
readily  through  wood,  if  the  latter  is  not  too  thick.  Thus 
through  a  piece  of  white  pine  -f^  of  an  inch  thick,  images  that 
could  reaaily  be  developed  were  obtained  by  three  minutes 
exposure  to  afternoon  sunlight.  With  half  an  hour's  exposure 
the  images  were  brilliant. 

A  panel  about  12  inches  square  was  removed  from  an  inside 
shutter  and  replaced  with  a  piece  of  white  pine  \  inch  thick. 
.When  the  room  was  thorougiily  darkened,  reddish  light  could 
be  seen  to  pass  through  the  board.  So  that  wood  of  this  thick- 
ness is  plainly  translucent  to  the  sight. 

The  sun's  light  may  be  examined  for  X-rays  also  by  fluores- 
cence. 

*G.  R.,  czzii,  p.  238:  quoted  Chem.  News,  Feb.  21,  1896,  p.  85,  (No.  1891.) 


S64     JfaT.  C.  Lea — Ronigen  Rays  not  present  in  SunligkU 

4.  The  panel  just  described  was  replaced  by  one  of  stout 
book  board.  With  the  sun  shining  on  this  book  board  directly 
and  not  through  glass,  paper  marked  with  a  saturated  solution 
of  barium  platinocyanide  exhibited  no  indications  of  fluores- 
cence when  placed  behind  the  board. 

5.  Three  thicknesses  of  Bristol  board  were  pasted  together, 
a  circle  was  cut  out,  to  one  side  of  which  barium  platinocyanide 
was  applied.  The  circle  was  then  placed  in  a  pasteboard  tube, 
(an  arrangement,  I  believe,  proposed  by  Prof.  Magie.)  When 
the  sun  was  looked  at  through  this  tube  the  barium  salt  exhib- 
ited fluorescence.  But  the  interposition  between  the  card  and 
the  sun  of  very  thin  aluminium  foil  sufficed  to  cut  oflE  the  fluo- 
rescence. 

These  concurrent  results  seem  to  indicate  the  absence  of 
X-rays  from  sunlight. 

Charles  Henry^^quotes  an  opinion  of  H.  Poincar6  that  all 
bodies  whose  phosphorescence  is  sufficiently  intense,  emit  in 
addition  to  luminous  rays  the  X-rays  of  Kontgen,  whatever 
may  be  the  cause  of  their  fluorescence.  Henry  quotes  confirma- 
tory experiments  of  his  own  made  with  zinc  sulphide. 

It  seemed  worth  while  to  ascertain  if  this  principle  is  of 
general  application.  A  dilute  solution  of  uranin  was  exposed 
to  sunlight,  using  a  large  surface  of  solution  so  as  to  get  the 
best  effect.  A  short  distance  over  the  surface  was  placed  a 
sensitive  film  protected  by  aluminium  foil  ^^  of  a  millimeter 
in  thickness  and  with  a  lead  star  interposed.  Two  hours 
exposure  gave  no  result.  The  experiment  was  repeated  with 
acid  solution  of  quinine,  with  which  five  hours  exposure  gave 
no  result. 

I  have  also  examined  the  Welsbach  light  for  X-rays.  This 
light  is  usually  burned  under  a  chimney  which  increases  the 
brightness  but  interposes  glass  between  the  source  of  light  and 
the  sensitive  film.  Even  without  a  chimney  the  light  is  bright. 
The  experiment  was  therefore  made  both  ways.  No  X-raj^s 
could  be  detected.  Nothing  capable  of  passing  through  alumi- 
nium foil  r^j^  of  a  millimeter  in  thickness  by  five  hours  exposure 
to  the  uncovered  flame. 

*0.  R.  cxxii,  312 ;  Chem.  News,  Feb.  28,  1896,  p.  98. 
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Art.  XLIII. — The  Potomac  liiver  Section  of   the  Middle 
Atlantic  Coaet  Eocene ;  by  Wm.  Bullock  Clark. 

Our  knowledge  of  the  Tertiary  geology  and  paleontology  of 
the  middle  Atlantic  slope  has  been  largely  increased  since  the 
days  of  Conrad  and  Rogers,  yet  few  fields  afford  better  oppor- 
tunities for  continued  observation,  and  in  none  is  there  greater 
need  of  a  careful  revision  of  results.  Very  divergent  opinions 
have  prevailed  and  to-day  find  expression  in  the  different 
interpretations  of  the  data. 

General  Features  of  the  Formation, 

The  Eocene  strata  of  the  middle  Atlantic  slope,  described  by 
Darton*  under  the  name  of  the  Pamunkey  Form^tion^  form  a 
belt  of  varying  width  extending  from  northeast  to  southwest 
somewhat  to  the  west  of  the  center  of  the  coastal  plain.  This 
belt  has  been  traced  almost  continuously  from  the  southern 
portion  of  Newcastle  County,  Delaware,  to  the  valley  of  the 
jfottaway  river  in  southefn  Virginia,  and  although  at  times 
buried  beneath  later  deposits  it  presents  fine  exposures  along 
all  the  leading  stream  channels,  while  not  infrequently  broad 
expanses  of  the  formation  outcrop  at  the  surface  in  the  inter- 
vening country. 

Liihologic  Characters. — The  deposits  are  typically  glauco- 
nitic  and  are  found  in  their  unweatliercd  state  either  as  dark 
gray  or  green  sands  or  clays.  The  glauconite  varies  in 
amount  all  the  way  from  very  nearly  pure  beds  of  that  sub- 
stance to  deposits  in  which  the  arenaceous  and  argillaceous 
elements  predominate,  although  the  strata  are  generally  very 
homogeneous  for  considerable  thicknesses.  At  some  horizons 
the  shells  of  organisms  are  found  commingled  with  the  glauco- 
nitic  materials  in  such  numbers  as  largely  to  make  up  the 
beds,  producing  what  is  known  as  a  green-sand  marl.  These 
beds  are  at  times  indurated,  forming  true  limestone  bands. 
This  latter  phase  is  seen  typically  developed  both  at  Fort  Wash- 
ington, Maryland,  and  Aquia  Creek,  Virginia,  interstratified 
with  the  unconsolidated  green-sand  layers. 

When  the  glauconite  is  weathered  the  deposits  lose  their 
characteristic  gray  or  green  color,  and  generally  become  lighter 
gray  with  reddish  or  reddish-brown  streaks  or  bands,  or  may 
become  entirely  of  the  latter  color.  In  this  condition  they  are 
often  cemented  into  a  ferruginous   sandstone.       This  change 

•Bull.  Geol.  Soc.  Amer.,  vol.  ii,  p.  411,  1891. 
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particularly  characterizes  the  Eocene  deposits  of  Delaware  and 
the  eastern  shore  of  Maryland  as  well  as  of  Anne  Arundel 
County  on  the  western  side  of  the  Chesapeake.  A  very  coarse 
phase  of  the  consolidated  sand-rock  is  seen  at  Mt.  Misery  on 
the  Severn  river. 

In  the  less  completely  weathered  portions  of  the  formation 
the  change  is  shown  in  the  mottled  yellow  and  brown  character 
of  the  more  superficial  beds,  the  glauconitic  grains  still  show- 
ing their  green  color  when  crushea.  Thin  iron  crusts  at  times 
appear  under  these  conditions.  When  the  elauconite  is 
largely  or  more  rarely  entirely  absent,  the  deposits  consist  of 
black  or  grey  sands  or  clays,  the  latter  at  times  micaceous  and 
in  a  few  mstances  carbonaceous. 

A  pebble  bed  has  been  found  at  some  localities  at  the  base  of 
the  formation. 

Strike^  Dip  and  Thickness. — The  strike  of  the  Eocene 
deposits  in  Delaware  and  Maryland  is  approximately  N.E.  to 
S.W.  while  in  Virginia  the  prevailing  trend  is  more  nearly 
N.  to  S.  This  change  in  the  direction  of  strike  is  attained  in 
the  area  between  the  Patuxent  and  Kappahannock  rivers, 
chiefly  in  the  Potomac  basin. 

The  dip  of  the  strata  differs  in  the  various  portions  of  the 
area,  as  shown  by  section-lines  and  well-borings,  from  10  to  20 
feet  to  the  mile,  but  along  the  Potomac  river  section,  where 
detailed  measurements  were  made  by  the  writer,  it  is  on  an 
average  about  12^^  feet  to  the  mile. 

The  results  obtained  from  a  study  of  the  various  section-lines 
and  well-borings  show  that  the  average  thickness  of  the  deposits 
is  somewhere  in  the  vicinity  of  200  feet,  although  estimates 
based  upon  the  Potomac  river  section  as  well  as  upon  well 
borings  in  the  area  to  the  east  of  Fredericksburg  show  that  it 
reaches  quite  300  feet  in  that  portion  of  the  middle  Atlantic 
slope. 

Potomac  River  Section. 

The  most  extensive  section  of  the  Eocene  in  the  middle 
Atlantic  slope  is  found  in  the  valley  of  the  Potomac  river,  a 
nearly  complete  sequence  of  the  several  members  of  the  forma- 
tion being  exhibited  in  the  bluffs  between  Aqnia  Creek,  Stafford 
County,  V  irginia  and  Pope's  Creek,  Charles  County,  Maryland. 

Detailed  stratigraphy, — The  accompanying  columnar  section 
shows  the  relative  thickness  and  character  of  the  deposits  in 
this  area.  The  several  members  of  the  formation  are  numbered 
in  ascending  order.     The  full  thickness  is  about  300  feet. 


of  the  Middle  A  Uantio  Coast  JHoceae. 

1.  The  thickneea  of  the  Eocene  beneath 
BaUtrataof  the  Aquia  Creek  blnff,  cannot 
ir  short  of  60  feet.  Some  exposures  are 
Q  the  ravines  to  the  west  of  the  bluS,  bat 
mplete  sequence  of   the  beds  has  been 

The  ahnost  entire  absence  of  fossils 
■8  it  impossible  to  say  anything  regarding 
una)  relations  of  the  strata.  The  deposits 
'pical  green-eands,  at  times  somewhat 
ceouB  and  with  a  basal  pebble-bed  over- 
the  Cretaceous  at  several  points. 

2.  This  bed  is  composed  of  dark  uncon- 
«d  green-sand   packed  chiefly   with  the 

of  CraaaaUlla  alcBformia,  Dosiniopsis 
Uaris  and  Cytherea  ovata.  The  bed  is 
12  feet  in  thickness  at  the  upper  end  of 
quia  Creek  bluff,  but  gradually  declines 
'ation  until  it  passes  below  water  level 
half  way  to  Marlborough  Pt.  The  same 
ipears  at  water  level  on  the  opposite  side 

Potomac  river  at  Clifton  Beacn. 

3.  The  green-sand  marl  composing  this  i 
generally  indurated  so  bb  to  form  a  firm 

2  to  3  feet  in  thickness.  The  limestone 
illy  glauconitic  and  of  dRrk  color,  and  is 
with  the  shells,  or  more  commonly  the 
■i  the  same  species  as  the  previous  bed, 
er  with  Oatrea  comm-essirostra  and-  here 
ere  a  specimen  of  TurriteUa  viortoni. 

i.  This  bed  is  a  typical  unconsolidated 
iand  contaming  large  numbers  of  the 
forms  as  No,  3.     It  reaches  about  eight 

thickness. 

5.  This  limestone  bed  is  very  persistent, 
>rms  a  conspicuous  ledge  along  the  face 

Aquia  Creek  bluff  until  it  passes  bel({w 
3vel  near  its  eastern  extremity.  It  is 
>nly  about  two  feet  in  thickness  and  is 
1  with  fossils  among  which  the  forms 
)ned  below  are  conspicuous,  in  addition  to 
3cie8  already  mentioned  as  characteristic 
ies2  to  5  which  still  remain  themostcom- 
ypes,  viz :  Pfioladomya  maryhtndiea, 
taa  elonguta,  Telltna  virginiana,  Phdlas 
QBO,  FuHU»  sp.,  Varicella  sp.,  etc. 

6.  The  dark  characteristic  green-sand 
ing  the  limestone  ledge  is  packed  with  the 


^^ 
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com  mon  species  of  the  previous  zones.  In  the  main  portion  of  the 
Aquia  Creek  bluff  this  bed  is  only  one  foot  in  thickness,  bat 
thickens  to  the  eastward,  and  just  above  Marlborough  Pt.  contains 
among  other  forms  several  species  of  corals,  including  JSuvmrn- 
mia  elaborata,  Turhinolia  aculicostata,  and  Paracyathus  (J) 
clarkeaniis. 

No.  7.  Overlying  the  preceding  bed,  and  really  a  continua- 
tion of  it,  is  a  zone  in  which  the  fossils  are  few  in  number  and 
much  broken.     This  bed  is  about  seven  feet  in  thickness. 

No.  8.  The  highly  characteristic  green-sands  and  green-sand 
marls  of  the  previous  zones  are  succeeded  by  a  bed  some  thirty 
feet  in  thickness,  in  which  theglauconitic  grains  have  been  exten- 
sively weathered,  giving  the  strata  a  greenish-grey  appearance 
which  changes  to  a  reddish-brown  in  the  upper  layers.  Several 
irregular  bands  packed  with  Turritella  mortoni  are  present  both 
in  the  Aquia  Creek  and  Potomac  Creek  sections,  while  associated 
with  that  species  at  both  localities  are  Turritella  humero9a^ 
CucuUoea  gigantea^  Crassatella  almformis^  Ostrea  compresii- 
rostra  and  other  forms.  The  upper  portions  of  this  bed  have 
afforded  most  of  the  species  from  the  Potomac  Creek  bluff. 
This  zone  forms  the  base  of  that  bluff,  while  it  is  more  than 
thirty  feet  above  water  level  in  the  Aquia  Creek  section  three 
miles  above. 

No.  9.  The  thick-bedded  limestone  layers  which  compose 
this  zone  are  almost  exclusively  made  up  of  the  shells  of  Turri- 
tella mortoni^  forming  a  true  Turritella  rock.  Between  the  in- 
durated bands  are  layers  of  unconsolidated  and  much-weathered 
green-sand  which  contain  very  few  fossils  of  any  description. 
Great  masses  of  this  Turritella  rock  strew  the  shore  at  the 
base  of  both  the  Aquia  Creek  and  P.otomac  Creek  bluffs.  The 
bed  is  about  ten  feet  in  thickness  in  the  Aquia  Creek  bluff,  but 
reaches  fourteen  feet  in  places  in  the  Potomac  Creek  section. 

No.  10.  The  greenish-grey  sand  overlying  the  Turritella  bed 
is  more  argillaceous  than  the  underlying  beds  of  the  Eocene. 
The  glauconite  grains  have  been  much  weathered  and  nearly 
all  trace  of  the  shell  substance  removed  from  the  few  forms 
recognized.  The  casts  found  at  the  Potomac  Cr6ek  bluff  are 
chiefly  those  of  a  Cytherea.  No  fossils  were  found  at  the 
Aquia  Creek  bluff.  The  bed  is  about  twenty  five  feet  in 
thickness. 

No.  11.  A  thin  highly  indurated  layer  of  argillaceous  green- 
sand  overlies  No.  10  in  the  Potomac  Creek  bluff,  and  among 
several  indeterminable  casts  a  few  specimens  of  Venericardia 
jplaiiicosta  were  found. 

No.  12.  This  bed  of  greenish-grey  argillaceous  sand  still 
shows  some  uuweatliered  grains  of  glauconite,  but  is  devoid  of 
fossils  so  far  as  observed.     It  reaches  eight  feet  in  thickness. 
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l^o.  13.  This  bed  consists  of  a  light  grey  glauconitic  sand 
somewhat  weathered  and  iilled  with  shells  of  Venericardta 
planicoata.  It  reaches  three  feet  in  thickness.  This  zone  is 
very  persistent  and  has  been  found  outcropping  in  several  of 
the  ravines  to  the  east  and  south  of  Potomac  Creek,  as  well  as 
in  the  bluflE  upon  the  river  front. 

No.  14.  Overlying  the  Venericardia  layer  is  a  bed  of  green- 
ish-grey argillaceous  sand  some  four  feet  in  thickness,  which, 
contains  a  great  number  of  bands  filled  with  gypsum  crystals. 
No  fossils  were  observed. 

No.  15.  This  bed  consists  of  greenish-grey  argillaceous  sand 
in  which  the  glauconite  grains  have  been  extensively  weathered. 
No  fossils  were  found.  The  bed  has  a  thickness  of  twenty- 
five  feet. 

No.  16.  In  this  zone  have  been  placed  the  green  sand  strata 
intervening  between  the  upper  layers  of  the  Eocene  in  the 
Potomac  Creek  section  and  the  base  of  the  Woodstock  section. 

Comparatively  little  is  known  regarding  this  portion  of  the 
series,  as  no  satisfactory  outcrops  appear  on  tlie  river  bluffs, 
although  the  strata  are  found  in  an  unfossiliferous  condition 
in  some  of  the  ravines  to  the  west  of  the  Woodstock  area. 
The  estimated  thickness  of  these  beds  is  fifty  feet. 

No.  17.  The  highly  glauconitic  beds  at  Woodstock,  Virginia 
and  Pope's  Creek,  Maryland  are  grouped  together  in  one  zone, 
as  no  satisfactory  separation  could  be  made.  The  deposits  are 
very  homogeneous,  although  an  inconstant  indurated  layer 
appears  about  six  feet  above  the  base  of  the  Woodstock  sec- 
tion with  a  band  of  Venericardia  planicosta  below  it,  while  a 
thin  bed  of  Oetrea  selloeformie  also  occurs  in  the  lower  part  of 
the  zone,  although  evidently  not  always  at  the  same  horizon. 
Otherwise  the  fossils  are  the  same  throughout,  so  far  as  observed. 
The  most  common  forms  are  Proiocdrdia  virginiana^  Cytherea 
subtTnpressaj  Corhnla  nasuta,  Oorhula  oniscuSy  Ostrea  aellcB- 
/ormiSj  Pectunculua  idoneus^  Leda  improcera^  Ledapai'va^ 
Nucula  magnijixiay  Lucina  dartoni^  Lucina  nhlerij  Lucina 
wAitei,  Itiugicula  dalli  and  Cylichna  venusta, 

Paleoniological  characteristics. — The  paleoutological  charac- 
teristics of  the  several  zones  indicate  two  very  distinct  faunal 
stages  in  the  middle  Atlantic  slope  Eocene,  the  first  typically 
developed  in  zones  2  to  9,  and  the  second  in  zone  17.  The 
characteristics  of  zone  1  and  of  zones  10  to  16  cannot  be 
readily  made  out  in  the  Potomac  River  area  on  account  of  the 
extensive  weathering  of  the  beds,  although  in  some  of  the 
adjoining  districts  there  is  an  intermingling  of  some  of  the 
forms  of  the  two  stages  in  the  beds  intervening  between  9  and 
17.  To  the  two  faunal  divisions,  the  names  of  Aquia  Creek  Stage 
and  Woodstock  /Stage  have  been  already  given  by  the  writer.* 

*  Johns  Hopkins  Univ.  Circulars,  vol.  xv,  p.  3,  1895. 
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Aqaia  Creek  Stage. — The  most  common  species  of  the 
Aqnia  Creek  stage  are  TurriteUa  inortoni  confined  chiefly  to 
zones  8  and  9,  Gytherea  ovata  and  CraeeaieUa  ala^ormu 
confined  largely  to  zones  2  to  7,  CuculloBa  gigantea  mainlj 
found  in  zone  8,  Ostrea  compressirostra*  most  common  in 
zones  6  and  7,  and  Dosiniopeie  lenticularis,  for  the  mo6t 
part  limited  to  zones  2  to  5.  Other  species  fonnd  in  this 
stage  are  Thecachampsa  marylandica,  Trionyx  virginiana^ 
Ischyrhiza  (?)  radiata^  Myliobatis  copeanuSj  CarcAarodan 
polygurusj  Larana  (?)  ohliqua^  Oxyrhina  hastaliSj  Odontasph 
eleganSj  Galeocerdo  contortus^  Nautilus  sp.,  Tornatella  hella, 
Pleurotoma  harrisi^  Volutilithea  {Athleta)  tuomeyij  VdiUili- 
thes  sp.,  Varicella  sp.  Mitra  marylandica^  Pyropsis  sp., 
F^vsus  {Levifusus)  trabeatus^  Fusus  {Strepsidura)  perlatus, 
Fusus  sp.,  Fulgur  argutusy  Lunatia  marylandica^  Naiim 
cUftonenaUy  TurriteUa  humeroaa^  Calyptrma  trochtformUj 
Vermetus  sp.,  Scala  virginiana^  Gihbula  glandular  ISolarium 
sp.,  Oastrochcma  sp.,  PholasQ)  petrosa,  Coralliophagabryani^ 
teliina  wiUiamsi^  Panoposa  elougata^  Pholaaomya  mary- 
landica^  Lucina  aquiaiia^  Vetiericardia  planicosta,  Cramir 
teUa  aquiana,  Leda  protexta^  Modiola  potomacensisj  Peeten 
johnsoniy  Peeten  sp.,  Ostrea  sp.,  Serpula  sp.,  Para^aUiui  (!) 
clarkeanuSy  Turbinolia  aciiticostata,  Fupsammia  elaboraia^ 
besides  many  species  of  Foraminifera. 

Woodstock  stage. — The  Woodstock  stage  is  characterized  bj 
the  following  common  species,  viz :  Protocardia  virginiana^ 
Cytherea  subimpressa^  Corbula  nasuta,  Oorbula  oniscuSy  Ostrea 
sellceforniis,  Pectunculus  idonexi^y  Leda  improceray  Leda 
parvUy  Nucula  inagnijica^  Lucina  dartoniy  Lucina  uMeri^ 
Lucina  lohiteiy  Venericardia  plafiicostay  Mingicula  daUi  and 
Cyliclina  venusta.  Among  otner  species  found  at  this  horizon 
may  be  mentioned  Carc/t-drodon  polygurusy  Ljimna  (f)  obliquOj 
Oxyrhina  hastaliSy  Odontaspis  elegans^  Galeocerdo  contorttts, 
Cythere  sp.  Mangilia  {Pleurotoinelld)  beUistriaiay  Fusns 
(Levifusns)  trabeatus^  Lunatia  mary landicay  Cadutue  bel/ulus^ 
Teredo  virgi7iiana,  Solemya  petricoloideSy  Corbula  aldrichi^ 
Tellina  Virginian  a y  Cytherea  ovata y  Diplodonta  hopkinsiefimSy 
Yoldia  cuUeliiformisy  Modiola  potomacensiSy  Peeten  rogersij 
together  with  numerous  species  of  Foraminifera. 

Coj*rel<ition  of  the  Deposits.  —  By  common  consent  the 
diversified  and  extensive  Eocene  deposits  of  the  Gulf  area 
have  come  to  be  regarded  as  the  type  for  the  eastern  border 
region  and  the  various  Eocene  deposits  of  the  Atlantic  coast 
states  have  been  assigned  to  a  position  in  this  series,  althongh 
very  different  limits  have  been  given  by  the  different  authori- 
ties.    The  Eocene  deposits  of  the  middle  Atlantic  slope  have 

*  Several  immature  oysters  found  at  this  horizon  bear  a  strong^  reaemblanoe  to 
the  youDg  of  Ostrea  seflcp/armis. 
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been  re^u*ded  by  some  to  represent  a  single  minor  division  of 
the  Qxm  section,  while  others  have  re^rded  them  as  an  equiva- 
lent of  a  larger  portion  of  that  series.  The  latter  conclusion 
seems  to  the  writer,  after  a  consideration  of  both  the  geological 
and  paleontological  data,  to  be  the  only  tenable  position.  In 
the  past  too  little  attention  has  been  given  to  tne  geological 
phenomena,  while,  at  the  same  time,  the  knowledge  of  the 
fossils  has  been  wholly  insufficient  for  a  proper  interpretation 
of  the  faunal  characteristics  of  the  formation. 

The  Geological  Criteria. — The  lithological  and  stratigraph- 
ical  characteristics  of  the  Eocene  in  the  middle  Atlantic  slope 
afford  some  important  criteria  for  the  correlation  of  the  strata. 
To  begin  with,  the  homogeneous  nature  of  the  deposits  is  a 
characteristic  feature,  indicating  conditions  throughout  the 
period  of  Eocene  deposition,  undisturbed  by  important  phys- 
ical changes.  Again,  the  fact  that  the  strata  are  so  largely 
made  up  of  secondary  materials  shows  that  the  position  of 
accumulation  was  in  the  vicinity  of  a  coast  reached  by  no  large 
rivers  bearing  sediment,  while  at  the  same  time  sufficiently 
removed  from  the  coast  line  to  be  unaffected  by  shore  condi- 
tions. It  is  further  evident  that  these  deposits,  which  are  so 
largely  glauconitic,  were  accumulated  with  exceeding  slowness, 
as  nas  been  shown  in  the  case  of  the  formation  of  greensands 
upon  the  beds  of  existing  seas. 

Now  when  we  compare  these  conditions  of  accumulation  in  the 
middle  Atlantic  slope  with  tlie  conditions  that  prevailed  in  the 
Gulf  region,  marked  differences  appear.  In  the  latter  area 
numerous  rivers,  draining  the  interior  of  the  continent,  dis- 
charged great  quantities  of  material  throughout  much  of  Eocene 
time,  making  the  deposits  highly  diversified.  Instead  of  the 
green-sands  and  greenish  and  black  clays  of  the  middle  Atlantic 
slope,  which  no  longer  to  any  large  extent  characterize  the 
strata,  are  found  coarser  beds  of  sand  and  clay,  often  partly 
calcareous,  which  give  every  indication  of  more  rapid  accumu- 
lation. To  compare,  therefore,  the  200  feet  and  more  of  green 
sands  and  clays  of  the  middle  Atlantic  slope  with  one  or  two 
subdivisions  of  hardly  equal  thickness  in  the  Gulf  region 
would,  even  upon  stratigraphical  grounds  without  the  aid  of 
fossils,  hardly  be  attempted.  The  strata  of  the  Middle  Atlantic 
slope  must  be  represented  in  the  Gulf  by  deposits  many  times 
their  thickness. 

The  general  relations  of  the  strata,  occurring  as  they  do 
between  the  Cretaceous  and  Neocene  along  both  the  Atlantic 
and  Gulf  coasts,  give  some  indications  of  the  continental  move- 
ments to  which  each  province  was  subjected.  Although  the 
movements  may  not  have  been  absolutely  contemporaneous 
they  afford  nevertheless  satisfactory  criteria  for  the  broad 
correlation  of  the  deposits,  their  more  exact  parallelism  being 
determined  upon  other  grounds. 
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PaUontological  Criteria, — Altbongh  life-zones  are  frequentlj 
of  great  extent  and  may  be  accepted  as  the  most  trastworthj 
evidence  of  geological  contemporaniety,  yet  the  subdivisions  of 
a  fauna  recognized  in  one  area  under  one  set  of  physical  con- 
ditions may  not  be  found  in  another  area,  distant  from  the  first, 
where  the  conditions  are  wholly  different.  It  is  scarcely  to  be 
expected  that  the  vertical  range  of  the  species  will  be  the  same 
in  the  two  regions,  while  the  time  occupied  in  migration  is  i 
factor  that  cannot  be  ignored  in  most  classes  of  organisms. 
Forms,  likewise,  which,  from  their  persistence  under  one  set  of 
physical  conditions,  may  be  regarded  as  typical,  are  often  entirely 
wanting  in  an  adjacent  province.  The  presence  also  of  a  large 
number  of  new  species  is  of  itself  evidence  of  change  in  physi- 
cal surroundings,  and  renders  it  necessary  to  proceed  with  great 
caution  when  detailed  correlations  of  the  strata  are  attempted. 
Especially  is  this  true  when  the  areas  are  widely  separated  in 
latitude  so  that  temperature  differences  occur. 

When  we  come  now  to  compare  the  faunal  charactistics  of 
the  Eocene  of  the  middle  Atlantic  slope  with  those  of  the  Golf 
we  find  first  of  all  that  the  assemblage  of  forms  is  very 
different  in  the  two  areas.  The  great  majority  of  the  species 
id  unlike,  while  the  identical  forms  are  mainly  of  wide  vertical 
range.  Most  of  those  regarded  as  the  same  also  show  certain  dif- 
ferences, as  the  result  of  the  dissimilar  conditions  under  which 
they  lived,  so  that  the  determination  of  the  middle  Atlantic 
coast  forms  often  involves  certain  doubts  as  to  their  identity 
with  Gulf  species.  The  sequence  of  fonns  is  likewise  different, 
a  differentiation  into  the  great  number  of  subdivisions  rec<^- 
nized  in  the  Gulf,  not  occurring  in  Maryland  and  Virginia. 

The  Aquia  Creek  fauna  which  is  typically  developed  in  zones 
2  to  9  in  the  Potomac  area  occupies,  so  far  as  can  be  with 
certainty  determined,  only  about  70  feet  of  strata  some  60  feet 
from  the  base  of  the  formation  and  contains  among  pther  Gulf 
species  Turritella  rnortoni^  T,  humemaa^  Tornatella  bella 
Yolutilithes  {Athieta)  tuonieyi^  Fiisus  {Strtpsidura)  perlatu^^ 
Dosiniopsis  lenticidaris,  Venericardia  plahicosta,  OueuUcM 
gigantea^  and  Ostrea  compretssirostra.  The  general  aspect 
of  this  assemblage  is  Lignitic,  some  of  the  forms  being  found 
in  the  Gulf  area  in  the  middle,  or  in  the  middle  and  lower  mem- 
bers of  that  division,  whileothers  range  into  its  upper  portions, 
and  are  also  found  at  higher  horizons.  At  the  same  time  qnite 
60  feet  of  strata  are  found  beneath  the  Aquia  Creek  fossilif- 
erous  beds  in  which  as  yet  only  a  few  indistinct  casts  of  Turri- 
tella sp.  have  been  observed.  If  the  fossiliferous  zones  represent 
approximately  the  middle,  or  the  middle  and  upper  Ligni tic,  this 
lower  zone  (1)  may  he  regarded  in  a  general  way  as  tne  equiva- 
lent of  the  lower  Lignitic. 

The    Woodstock  fauna,  which   is   typically  represented  in 
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sone  17,  embraces  so  far  as  can  be  determined  about  46  feet  at 
;hetopof  the  series.  It  contains  among  other  Gulf  forms, /Ww« 
\Levifu9v4)  iraheatus^  Solemya  petricoloides,  Corhida  nasutay 
Corhvla  onisou8^  Venericardia  planico&ta,  Nucula  magnijica 
ind  Osirea  sellceformis,  the  latter  species  increasinff  in  number 
toward  southern  Virginia  and  affording  thick  beds  on  the 
Pamunkej  and  James  rivers.  At  the  same  time  the  common 
Forms  of  the  Aquia  Creek  stage  are  wanting.  Although  not  pos- 
sessing the  number  of  distinctive  species  found  in  the  preceding 
iivisions,  the  Woodstock  stage  is  nevertheless  in  all  probability 
bhe  representative  of  the  Claiborne  of  the  Gulf,  showing  a  closer 
parallelism,  perhaps,  with  the  beds  beneath  the  fossiliferous 
sands  than  with  the  upper  horizon  of  that  division. 

Between  the  fossiliferous  beds  carrying  the  faunas  of 
the  two  stages  are  very  nearly  125  feet  of  strata  in  which 
few  fossils  have  been  found  outside  of  Venericardia  pla^iicosta. 
Many  of  the  beds  seem  to  be  wholly  barren  of  organic  remains, 
while  in  others  only  a  few  indeterminable  casts  appear.  No 
jatisfactory  paleontological  data  for  correlation  are  therefore 
EiSorded  by  these  deposits. 

If  now  the  Aquia  Creek  fauna  should  be  held  to  be  suffi- 
ciently similar  to  the  Bells  Landing  fauna  of  the  Gulf  to 
warrant  its  restriction  to  that  sub-stage  (middle  Lignitic);  and 
the  Ostrea  sellceformis  bed  of  the  Woodstock  stage,  the  exact 
equivalent  of  the  Ost/rea  seUmformis  zone  of  the  Claiborne 
(middle  Claiborne),  then  we  find  the  600  feet  between  those 
horizons  in  central  Alabama  represented  by  only  125  feet  in 
the  middle  Atlantic  slope  and  perhaps  by  considerably  less. 
The  representatives  of  the  Woods  Bluff  and  Hatchetigbee 
stages  of  the  Lignitic  together  with  the  Buhrstone  and  lower 
portion  of  the  Claiborne  would  thus  be  here  included.  The 
upper  beds  of  the  Woodstock  stage  might  then  be  regarded  per- 
haps as  the  equivalent  of  the  upper  Claiborne,  while  the  60  feet 
below  the  Aquia  Creek  fossiliferous  beds  would  approximately 
represent  the  earlier  portions  of  the  Lignitic.  As  these  lower 
beds  are  much  more  glauconitic  than  the  beds  above  the  Aquia 
Creek  stage,  they  doubtless  accumulated  more  slowly. 

It  is  apparent,  however,  that  the  sequence  of  organic  remains 
in  the  middle  Atlantic  coast  Eocene  does  not  afford  the  neces- 
Bary  data  for  a  detailed  parallelism  of  the  subdivisions  of  that 
Etrea  with  the  Gulf  stages.  It  seems  altogether  probable  that 
the  Pamunkey  formation  is  the  equivalent  in  a  broad  way  only 
of  the  lower  and  middle  divisions  of  the  Eocene  of  the 
Gulf,  and  may  even  represent  portions  of  the  upper  division  as 
well.  Regarding  the  latter  reference  there  is  little  paleontol- 
ogical evidence,  but  undoubtedly  less  change  in  faunal  devel- 
opment would  be  produced  under  the  stable  conditions  that 
prevailed  in  Eocene  time  in  the  middle  Atlantic  slope  than  in 
the  Gulf,  so  that  the  more  highly  developed  fauna  of  the 
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upper  portion  of  the  series  in  the  latter  area  may  have  existed 
contemporaneously  with  older  forms  outside  the  region.  With- 
out a  much  fuller  knowledge  of  the  characteristics  of  the 
Eocene  fauna  in  the  intermediate  district,  this  cannot  be  defi- 
nitely determined,  although  it  seems  highly  probable. 

Considering  all  the  facts,  the  writer  is  strongly  of  the  opiD- 
ion  that  the  Eocene  deposits  of  the  middle  Atlantic  slope 
represent  the  greater  portion  of  the  Eocene  series  of  the  Golf, 
its  upper  members  alone  excepted.  Compared  with  the  sec- 
tion recognized  by  Prof.  E.  A.  Smith,  in  the  Alabama  area,  it 
undoubtedly  comprises  all  or  the  major  part  of  the  Lignitic, 
Buhrstone  and  Claiborne  and,  possibly,  also  portions  of  higher 
horizons.  This  reference  does  not,  however,  necessarily  involve 
the  assumption  that  the  basal  beds  of  the  Potomac  section  are  the 
exact  equivalent  of  the  basal  beds  of  the  Lignitic,  since  deposi- 
tion may  have  commenced  in  the  one  area  somewhat  earlier 
than  in  the  other,  although  the  difference  was  probably  not 
great. 

Conclusions. — 1.  The  Eocene  deposits  of  the  middle  Atlantic 
slope  constitute  a  single  geological  unit  already  described  under 
the  name  of  the  Pamunkey  formation. 

2.  The  deposits  are  remarkably  homogeneous,  consisting 
typically  of  glauconitic  sands  and  clays  which  reach  a  thickness 
of  nearly  300  feet. 

3.  Two  clearly  defined  faunal  zones  are  found,  viz:  the 
Aquia  Creek  Stage  and  the  Woodstock  Stage, 

4.  The  Aquia  Creek  fossiliferous  zone  is  approximately 
middle,  or  middle  and  upper  Lignitic,  the  Woodstock  zone 
middle,  or  middle  and  upper  Claiborne.  If  restricted  respec- 
tively to  the  Bells  Landing  sub-stage  of  the  Lignitic  and  the 
Ostrea  sellajforrnis  bed  of  the  Claiborne,  as  seems  hardly  prob- 
able for  the  reasons  above  cited,  the  600  feet  between  those 
zones  in  the  central  Alabama  area  would  then  be  represented 
by  only  125  feet  or  perhaps  considerably  less  in  the  Potomac 
region.  The  upper  beds  of  the  Woodstock  stage  might  then 
perhaps  represent  the  upper  portion  of  the  Claiborne  while 
the  beds  below  the  Aquia  Creek  fossiliferous  zone  would 
stand  as  the  approximate  equivalent  of  the  lower  Lignitic,  with- 
out however  necessarily  assuming  that  the  basal  beds  of  the 
Potomac  section  are  the  exact  equivalents  of  the  basal  beds  of 
the  Lignitic. 

5.  The  middle  Atlantic  slope  Eocene,  therefore,  represents 
in  a  broad  way  all  or  the  major  part  of  the  Lignitic,  Buhr- 
stone and  Claiborne  of  Smith,  and,  when  the  physical  conditions 
affecting  range  and  migration  of  species  are  considered,  perhaps 
even  more.  Both  the  geological  and  paleontological  critena 
are  wholly  inadequate  for  establishing  the  great  number  of 
local  subdivisions  recognized  in  the  Gulf  area,  and  in  fact  the 
sequence  of  forms  indicates  that  no  such  differentiation  of  the 
fauna  took  place. 
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Akt.  XLIV. — On  some   Ischicm  Trachytes ;   by  Henry  S. 

Washington. 

In  the  fall  of  1894  I  had  occasion  to  visit  Ischia,  in  the  Bay 
of  Naples,  and  collect  the  representative  trachytes  of  the 
island.  Most  of  these  are  too  well  known  to  need  descrip- 
tion, but  some  specimens  from  Mt.  Eotaro  showed  a  certain 
rather  rare  structure  in  such  perfection  that  an  account  of 
them  seems  not  unworthy  of  publication. 

Mt.  Kotaro  is  a  small  volcanic  cone  in  the  northeastern  part 
of  the  island,  some  315  meters  high,*  and  with  a  well-preserved 
crater  107  meters  deep.  As  far  as  can  be  seen  it  is  composed 
of  fragmentary  material,  scorise  and  blocks  of  trachyte  and 
obsidian,  which  show  stratilication  in  places.  The  whole  rests 
on  marls  and  clays  containing  late  Tertiary  fossils-f  The 
ridge  of  Mt.  Tabor,:]:  composed  of  the  well  known  sodalite 
trachyte,  is  a  lava-stream  of  this  small  volcano  which  has 
flowed  to  the  north.  According  to  Fuchs,§  Mt.  Rotaro  is  the 
site  of  the  great  eruption  of  the  first  ,  half  of  the  fourth 
century  B.  C,  which  drove  the  inhabitants  to  the  mainland. 

The  trachytes  of  Mt.  Rotaro  are  of  two  kinds.  One  is  a 
not  very  compact,  light  grayish-brown  rock  with  phenocrysts 
of  orthoclase  and  augite.  It  occurs  in  relatively  small  quan- 
tity, and  under  the  microscope  presents  no  features  of  special 
interest  here ;  large  phenocrysts  lying  in  a  typically  trachytic 
holocrystalline  groundmass,  which  shows  a  marked  flow-struc- 
ture among  its  component  feldspar  laths.  Corresponding  to 
this  is  a  light  brown  obsidian,  extremely  brittle  and  somewhat 
vesicular,  showing  some  orthoclase  phenocrysts.  Under  the 
microscope  it  presents  .a  clear,  light  brown  glass,  with  rare 
green  biotite  and  augite,  and  glassy  sanidine  phenocrysts,  with 
a  few  feldspar  microlites.     Many  air  cavities  are  present. 

The  black  trachytes  and  obsidians  are  of  greater  interest. 
For  reasons  which  will  be  seen  we  shall  begin  their  descrip- 
tion with  the  obsidians.  No.  524  ||  is  coal  black,  with  a  vitre- 
ous luster,  very  brittle,  and  shows  numerous  stout  phenocrysts  of 
glassy  sanidine.  An  analysis  by  Fuchs^  of  a  similar  black 
obsidian  from  Mt.  Rotaro  is  here  inserted  : 

♦  This  i8  the  height  given  on  the  Government  Topographical  Maps ;   Fuchs 
gives  301*4,  and  Fonseca  277*4. 
f  Fonseca.  Geologia  dell'Isola  d'Ischia,  Florence  1870,  25. 

vom  Rathf  Zeitschr.  d.  d  geol.  Gesellsch.  xviii,  628,  1866. 

Fuchs,  Isola  d'Ischia.  Florence  1873,  47  ;  also.  Tsch.  Min.  Mitth.,  1872,  237. 

The  numbers  are  those  of  specimens  in  my  collection. 

Fuchs,  op.  oil.,  40. 
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SiO,  60-77 

A1,0,  19-83 

Fe,0, 414 

FeO  2-43 

MnO  Trace. 

CaO  1-63 

MgO 0-34 

Na  O  .* 4-90 

K,0  6-27 

P,0,  0002 

Ignit 0-24 


100-55 

Under  the  microscope  the  largely  predominating,  clear 
glass  basis  shows  a  rather  light  coffee  color.  The  phenocrysts 
of  sanidine  are  clear  and  not  generally  twinned.  Inclusions  are 
uncommon  and  consist  of  glass,  magnetite  and  an  occasional  bio- 
tite,  zircon  or  apatite.  Tliey  are  quite  constantly  surrounded 
by  a  narrow  zone  of  deep  brown  glass,  in  which  lie  small 
prismatic  microliles  of  orthoclase,  generally  at  right  angles 
to  the  domal  and  basal  planes  of  the  crystal.  Besides 
these  large  feldspars  are  seen  a  few  smaller  phenocrysts  of 
magnetite,  green  augite  and  biotite. 

Scattered  through  the  basis,  often  sporadically,  but  generally 
in  clusters  or  irregular  streaks,  are  small  prismatic  orthoclase 
crystals,  which  seldom  exceed  0*05"^  in  length,  and  are  gen- 
erally only  0*02  ™"  long.  These  are  usually  simple,  twinning 
not  having  been  seen,  and  only  rare  cases  of  forked  forms  or 
those  brushy  at  the  end. 

They  also  are  surrounded  by  a  border  of  darker  substance, 
or  lie  in  large  irregular  patches  or  long  streaks  of  this,  where 
they  occur  together.  This  substance  has  no  appreciable  action 
on  polarized  light  and  shows  but  few  signs  of  definite  struc- 
ture, though  a  tendency  toward  the  formation  of  small 
spheroidal  masses  is  noticeable  under  high  powers,  and  is 
rendered  more  evident  by  the  presence  of  a  little  globulitic 
dust. 

When   we  examine  the  next  less  glassy  specimen  (No.  553) 
we  find  that,  while  the  phenocrysts  remain  similar  in  general 
characters,  the  narrow  dark  border  has  disappeared  and  the 
feldspar  needles  have   increased    in  number,  giving   rise  to  a 
fringe  of  fine  orthoclase  needles,  separated  from  each  other  bj 
extremely  minute  trichites  and  globulites.     This  fine  narrow 
fringe  is  especially  prominent  on  the  ends  of  crvstal  sections, 
cut   perpendicular   to  the  plane  of  symmetry,  the  sides,  as  a 
rule,  showing  no  such  borders,  but  ending  cleanly  against  the 
groundmass.      In   one  case  a  rather  small  and  narrow  sanf- 
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dine  crjBtal  has  been  cracked  across  and  slif^htlj  bent,  and 
from  the  broken  edges  have  grown  ihinnte  needles,  prolonging 
the  edges  and  crossing  each  other  (iig.  1,  a). 


The  gronndmasB  crystals  (almost  solely  of  orthoclase),  which 
show  a  decided  flow-structure,  have  increased  greatly,  not 
only  in  number  but  in  size  (attaining  lengths  of  0'3°"")  and  in 
oomplexity.  They  are  seen  on  examination  to  be  elongated  par- 
allel to  the  d  axis,  ^o  twinned  forms  were  seen,  but  almost  all 
the  email  prisms  show  more  or  less  forked  forms,  some  of 
which  are  shown  in  fig.  1, 6 — k.  The  forms  are  irregular,  and 
are  rather  tree  or  twig-like,  than  sheaf-like,  in  habit,  as  they  do 
not  show  much  tendency  toward  equal  development  of  the  two 
ends.  A  nnmber  of  stubby  brusli  forms  are  to  be  observed 
among  the  smallest  of  them  {fig.  1,  e,  /,);  and  among  these 
especially  are  noticed  forma  wliich  are  more  highly  devel- 
oped and  which  resemble  closely  those  to  be  described 
presently. 

The  Mflis  proper  is  a  clear  glass,  of  a  pale  cafe  an  lait  color, 
showing  here  and  there  an  air  vesicle.  Surrounding  tJie  small 
forked  crystals  is  a  darker  brown,  slightly  granular  substance, 
which  exerts  some  action  on  polarized  light,  as  is  evidenced 
by  a  very  feeble  aggregate  donble  refraction.  Tliis  substance. 
aJBO  occurs  in  isolated  spots  and  irregular  anastomosing  streaks 
Am.  Joitb.  Sol— Fourth  Series,  Vol.  I,  No  S.—Uat,  1896. 
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not  inclosing  crystals.  A  fine  globulitic  dost  occurs  in  it  to 
some  extent  and  there  is  a' marked  tendency  toward  spbernlitic 
or  axiolitic  forms,  with  a  faintly  developed  radiated  structare. 
This  gives  rise  to  rather  mammillary  or  botryoidal  bordere 
around  the  feldspars,  of  which  it  has  been  attempted  to  give 
an  idea  in  fig.  1,  <?,  d^  e. 

The  last  Mt.  Eotaro  specimen  to  be  described  (No.  523)  is 

Eroperly  a  trachyte,  not  an  obsidian,  and  it  may  be  mentioned 
ere  that  the  majority  of  the  blocks  of  Mt.  Kotaro  are  of 
this  rock  or  the  black  obsidian.  It  is  dark-brownish  black  in 
color,  of  a  dull  luster  and  quite  compact.  There  are  very 
many  white  glassy  sanidine  pnenocrysts,  varying  in  diameter 
from  5  to  10°^". 

Under  the  microscope  the  phenocrysts  are  seen  to  be  the 
same  as  in  the  preceding  types,  though  augite,  biotite  and 
magnetite  are  rather  more  rare.  The  sanidine  phenocrysts 
show  a  much  greater  development  of  the  fringed  borders  than 
in  the  last  case,  and  the  fringe  not  infrequently  reaches  a  depth 
of  O'S"",  being  usually  the  deeper  the  smaller  the  crystal. 
In  some  a  horn  is  seen  on  each  side,  being  a  narrow 
continuation  of  the  feldspar  substance,  with  the  fringe  of 
bright  needles  and  interstitial  trichites  and  dust  between 
them.  These  horns  are  sometimes  slightly  bent,  diverging 
outward,  and  give  the  crystal  the  appearance  of  a  shark's  egg- 
sac  ("  sea-purse").  The  sides  also  show  occasionally  a  narrow 
border  of  fine  needles  and  trichites,  the  needles  lying  parallel 
or  nearly  so  to  the  crystal  edge. 

The  groundmass  consists  of  a  colorless  glass  basis  quite 
thickly  sprinkled  with  small  black  grains  and  globulites.  Its 
most  striking  feature  is  the  great  abundance  of  small  sheaves 
of  orthoclase  needles,  a  development  of  the  forms  just  described. 
These  sheaves  show  a  well  marked  flow-structure,  in  a  given 
area,  the  long  axes  lying  approximately  parallel. 

In  length  they  vary  from  0*2  to  O'S"",  comparatively  few 
being  either  longer  or  shorter,  and  their  width  at  the  widest 
part  IS  about  half  their  length.  While  varying  considerably 
m  details,  yet  the  general  structure  is  much  the  same.  Some 
typical  forms  are  shown  in  fig.  2,  a-A,  though  the  great  deli- 
cacy and  complexity  in  most  cases  is  only  roughly  given. 

These  sheaves  are  composed  in  general  of  a  single,  straight, 
untwinned  crystal ;  which  at  its  center  is  narrow,  out  .which  at 
the  ends  is  split  up,  the  split  portions  diverging  but  preserv- 
ing their  continuity  with  the  main  body.  The  fission  and  diver- 
gence have  gone  on,  as  a  rule,  approximately  equally  at  both 
ends,  and  in  all  directions  around  the  axis,  producing  quite 
symmetrical  forms.  Besides  the  diverging  needles  which  are 
obviously  connected  with  the  waist  or  main  crystal,  are  others 
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which  seem  to  be  detached.  Closer  examination  shows  that 
most  of  these  (if  not  all)  are  in  reality  of  one  substance  with 
the  main  group,  the  connection  being  either  masked  by  tri- 
chitic  matter,  or  having  been  destroyed  by  the  position  of  the 
plane  of  the  section. 


Fig.  2. 


All  these  needles  diverge  at  generally  not  large  angles  (up  to 
about  30^)  from  the  nucleus  or  from  each  other ;  though  here 
and  there  some  are  seen  which  form  angles  up  to  90°  with  the 
main  prism.  Though  usually  straight,  or  nearly  so,  many  show 
marked  curvature,  the  concavity  being  always  outward.  In 
some  cases  needles  along  the  side  form  curves  which  are  quite 
hyperbolic  in  character  (fig,  2,  a,  e^f), 

feetween  the  needles  lies  a  colorless,  or  very  faintly  brown, 
isotropic  substance,  which  is  very  thickly  sprinkled  with  minute 
globulites  and  curved  black  trichites.  These  bring  out  the 
structure  very  plainly,  the  colorless  needles  standing  out  bright 
against  the  dark  background. 

Examination  with  the  mica  plate  shows  that  in  both  the 
nuclear  prisms  and  the  divergent  needles  the  axis  of  greatest 
elasticity  a,  lies  parallel  to  the  length,  and  that  hence  the  crys- 
tals are  elongated  in  the  direction  of  the  a  axis — the  usual 
habit. 
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For  sach  divergent  crystal  forms,  which,  as  will  presently  be 
seen,  are  due  to  the  ramification  and  growth  of  a  single  indi- 
vidual, and  which  correspond  to  the  sphwrokrystal/e  of  Lehmann 
and  Kosenbusch,  I  would  propose  the  name  keraunoid  (6r. 
K€paw6^,  a  thunderbolt).  This  word,  which  may  seem  some- 
what  fanciful,  is  chosen  on  account  of  the  narrow  waist  and 
divergent,  equally  developed  ends,  with  symmetry  about  an 
axis  which  give  them  a  striking  resemblance  to  ancient  Greek 
representations  of  the  thunderbolt  of  Olympian  Zeus.  It  must 
be  understood  that  tlie  mode  of  formation  is  connoted  with 
the  term. 

Besides  these  well-defined  forms  are  seen  in  smaller  number 
oblong  spots  of  about  the  same  size,  of  a  dark  gray  color  and 
dusty  appearance,  showing  a  very  fine  indistinct  structure  of 
parallel  or  slightly  divergent  lines.  Under  high  powers  these 
are  resolved  into  bundles  of  colorless  orthoclase  needles,  less 
clearly  cut  than  the  others,  and  with  such  a  large  proportion  of 
interstitial  trichitic  basis  that  their  true  character  is  masked. 
It  is  probable  that  these  are  less  well  developed  forms,  as  they 
show  a  great  resemblance  to  the  fringes  at  the  ends  of  the  sani- 
dine  phenocrysts.  A  few  small  clusters  of  needles  radiating 
from  a  point  are  also  seen — evidently  sections  cut  through  the 
ends  of  keraunoids  at  large  angles  with  the  axis. 

The  extinction  of  the  needles  is  parallel  or  only  slightly 
inclined,  so  that  as  the  stage  is  revolved  a  rather  broad  dark 
band  swings  across  the  keraunoids,  with  occasionally,  in  the 
thicker  ones,  a  short  bar  at  right  angles.  In  consequence  of 
the  approximate  parallelism  of  the  keraunoids  due  to  flow- 
structure,  the  field  under  crossed  nicols  has  an  appearance  simn* 
lating  that  of  many  spherulitic  ground  masses,  being  sprinkled 
with  short,  thick,  black  bands  lying  parallel  to  one  another, 
with  here  and  there  a  thick  elongated  cross. 

An  examination  of  all  the  other  Ischian  slides  in  my  posses- 
sion (about  seventy-five)  revealed  the  presence  of  the  kerau- 
noids in  only  two  of  the  blocks  of  black  trachyte  from  the 
tufas  of  the  Scanella  Cliff,  on  the  southwest  coast,  where  fine 
sections  of  interstratified  tufa  and  lava  beds  are  exposed  bj 
wave  action.  One  of  these  shows  scarcely  any  phenocrysts,  and 
the  colorless  glass  basis  is  rather  dusty.  The  Keraunoids  here 
are  made  up  of  much  finer  needles,  and  with  more  interstitial 
trichitic  basis  than  in  the  Mt.  Rotaro  specimens,  but  the 
structure  is  quite  the  same.  The  other  is  much  more  like  a 
normal  trachyte  in  its  groundmass,  which  is  almost  holocrystal- 
line.  True  keraunoids  are  wanting,  but  many  of  the  ground- 
mass  orthoclase  crystals  show  divergent  forms;  and  this  may 
be  held  to  be  a  type  representative  of  the  holocrystalline 
development  of  the  glassy  trachytes   described  above.     Some 
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small  forked  ortboclase  crystals  were  also  seen  in  the  ground- 
mass  of  a  black  glassy  obBidian  from  the  tafa  of  Monte  di 
Procida,  near  Coma ;  and  Rosenbnsch^  speaks  of  similar  forms 
in  obsidian  from  Ponza,  though  I  could  find  none  in  my 
specimens. 

In  re^rd  to  the  origin  of  these  peculiar  forms,  it  will  have 
been  evident  that  they  are  most  certainly  not  due  to  twinning, 
and  also  that  they  cannot  be  referred  to  skeleton  forms  con- 
sequent upon  growth  along  certain  crystallographic  axes  or  inter- 
axes.  They  must  be  either  an  aggregation  of  individuals  about 
a  common  central  point  or  axis,  or  else  due  to  the  continuous 
splitting  up  and  growth  of  what  would  be  under  other  circum- 
stances a  compact  individual. 

Many  cases  of  such  ramified  crystals  are  described  and 
figured  by  Lehmannf  and  all  the  evidence  points  to  the 
Ischian  keraunoids  being  of  this  character,  and  not  of  the 
nature  of  aggregate  growths  of  separate  individuals.  This  is 
clearly  seen  on  examination  of  the  series ;  passing  from  the 
most  glassy  obsidians  with  small  and  seldom  forked  crystals, 
through  the  brown  glassy  trachyte,  with  individuals  which  are 
evidently  split  and  whose  diverging  needles  can  clearly  be 
seen  to  be  continuous  in  substance  with  the  central  crystal,  to 
the  trachytes  with  colorless  basis,  where  the  forms  have  grown 
quite  complex  but  in  which  the  continuity  can  be  made  out  by 
careful  study. 

According  to  Lehmann,  the  cause  of  this  ramification  is  'Hhe 
existence  of  internal  tensions  which  cause  the  crystals  to  split 
here  and  there  at  the  surface,  producing  a  discontinuity  which 

cannot  be  overcome  by  further  growth The  broken 

parts  grow  independently  and  so  form  ramifications  from  the 
crystal  which  are  no  longer  oriented  exactly  parallel  to  the 
main  mass."  These  secondary  needles  may  also  split  and 
ramify  and  thus  complex  forms  result. 

That  the  existence  of  such  internal  tension  is  a  sufficient 
proximate  cause  is  not  to  be  denied,  and  the  facts  as  shown  by 
Lehmann  and  elsewhere  apparently  prove  that  it  is  the  true 
one  also.  It  is,  however,  more  difficult  to  give  the  cause  of  the 
existence  of  such  tensions  ;  or  to  determine  whether  they  are 
inherent  in  the  crystal  during  growth  under  certain  conditions, 
or  whether  they  are  due  to  the  physical  action  of  the  magma 
on  the  crystal  substance. 

That  the  conditions  were  extremely  local  in  their  character 
is  to  be  inferred  from  the  few  instances  of  ramification  found 
among  the  Ischian  trachytes,  as  well  as  in  the  Hawaiian  basalts 
to   be   mentioned  presently.     It  is  scarcely  possible   that  the 

♦Rosenbusch.  Mikr.  Phys.  II,  5G5,  1887. 

f  LehmaDn,  Molecularpbysik,  Leipzig,  1888, 1,  378  ft. 
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formation  of  skeleton  crystals  is  the  primary  cause,  as  Lehmann 
suggests  (p.  390) ;  at  least  in  the  tracnytes  in  question  no  traces 
of  skeletal  growth  are  to  be  seen,  and  such  growth  is  well 
known  to  be  rare  in  the  feldspars. 

That  fission  and  ramification  took  place  after  the  mass  had 
come  to  rest,  is  to  be  inferred  from  Lehmann's  condnsioD 
(p.  380)  that  a  certain  degree  of  viscosity  and  acceleration  of 
tne  crystallization  is  necessary  to  the  process.  It  is  also  indi- 
cated by  the  extreme  delicacy  of  the  lorms  themselves,  which 
would  hardly  be  able  to  withstand  the  action  of  a  moving  magma. 

The  existence  of  the  easy  cleavages  parallel  to  the  base  and 
clinopinacoid  probably  assisted  the  fission  materially ;  and,  as 
the  prisms  are  elongated  parallel  to  the  axis  a,  may  explain  the 
symmetrical  arrangement  about  an  axis  and  not  on  each  side  of 
a  plane. 

The  frinfi:e8  at  the  ends  of  the  sanidine  phenocrysts  seem  to  be 
due  to  the  Mission  of  feldspar  substance  which  crystallized  out 
of  the  surrounding  zone  and  was  oriented  Ukc  its  crystal 
nucleus,  rather  than  to  the  fission  of  the  phenocrysts  themselves, 
which  latter  idea  the  sharp  straight  edges  of  the  crystals  de- 
cidedly disprove.  The  horns  so  often  seen  on  either  side  may 
be  due  to  skeletal  growth,  and  their  divergence  is  explained  by 
the  expansion  due  to  fission  of  the  enclosed  feldspatnic  matter. 

The  forms  just  described  are  closely  analogous  to  the  "  feather 
forms"  assumed  by  augite  in  certain  Hawaiian  basalts  described 
by  E.  S.  Dana,*  to  whose  kindness  I  am  indebted  for  an  exami- 
nation of  the  original  slides. 

These  augitic  groups  are  much  larger  than  the  Ischian  ortho- 
clase  keraanoids,  are  generally  coarser,  and  differ  as  well  in 
being  much  more  curved  and  complex.  Though  the  nuclear 
crystal  is  not,  as  a  rule,  as  prominent  or  as  constantly  present  in 
the  Hawaiian  forms,  there  cannot  be  much  doubt  but  that  they 
are  due  to  the  same  cause  as  the  Ischian — an  internal  tension 
splitting  the  crystal  and  subsequent  growth  enlarging  it  on  these 
lines.  A  tendency  among  the  augite  keraunoids  towards  greater 
development  at  one  end  could  be  observed  in  many  cases, 
which  might  be  connected  with  the  hemihedrism  of  pyroxene.! 

It  was  also  interesting  to  observe  among  these  basalts,  especi- 
ally the  finer  grained  ones,  a  tendency  of  the  feldspars  to  fork 
and  form  rudimentary  keraunoids  somewhat  resembling? 
though  much  coarser  than,  those  seerPin  No.  553  of  Ischia. 
The  presence  of  feldspar  microlites  with  "  curved  processes" 
apparently  due  to  fission,  and  surrounded  by  a  dark  spherulitic 
zone,  in  a  Hawaiian  basalt  glass,^  is  of  great   interest  in  this 

*  E.  S.  Dana,  this  Journal,  xxxvii,  443,  1889. 
+  G.  H.  Williams,  this  Journal,  xxviii,  116,  1S89. 
X  Dana,  op.  cit.,  451,  fig.  5. 
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connectioD,  as  being  very  closely  analogous  to  the  Ischian  forms 
and  an  evidence  of  the  existence  of  internal  tension  in  the 
crvstals  of  these  rocks. 

Kosenbnsch^  nientions  several  cases  of  similar  forms,  and 
they  have  been  described  by  Iddingsf  in  a  rhyolite  of  the 
Enreka  District  in  Nevada.  Analogous  forms  have  also  been 
noted  by  Herz;]:  in  a  diabase  from  Gnagua  Pichincha,  by  Vogt§ 
in  a  slag,  and  also  by  H.  Vogelsang.] 

It  is  of  especial  interest,  however,  to  compare  with  the  Ischian 
forms  the  branching  feldspars  observed  by  Iddingsf"  in  the 
Obsidian  Cliflf  in  the  Yellowstone  Park,  and  by  Cross**  in  rhyo- 
lites  of  Custer  Co.,  Colorado.  The  branching  feldspars  in 
these  cases  are  orthoclase  and  are  found  as  constituents  of  cer- 
tain spherulites.  Some  of  theni  are  not  due  to  fission,  but 
are  branched  crystallographically  and  the  prisms  are  elongated 
parallel  to  either  the  c  or  a  axis  in  different  parts  of  the  group. 
Others  seem  from  the  descriptions  and  figures  to  be  quite 
identical  in  nature  with  those  of  Ischia,  tlie  prisms  and  needles 
being  also  elongated  parallel  to  a. 

The  conclusions  to  which, these  two  observers  come  regard- 
ing the  structure  and  origin  of  spherulites  in  general  are  especi- 
ally noteworthy.  Iddings  points  out  that  we  must  "  base  the 
general  definition  of  spherulitic  structure  on  some  other  charac- 
ter than  outward  form,"  and  that  this  fundamental  character- 
istic is  "  their  mode  of  crystallization " ;  spherulitic  growth 
consisting  in  "  the  formation  of  radiating  or  diverging  groups 
of  crystals,"  whatever  may  be  their  outward  shape,  or  whether 
the  divergence  takes  place  from  one  or  more  points  or  a  plane. 

While  this  definition  may  perhaps  be  thought  to  be  in  some 
ways  too  broad,  (since  strictly  according  to  it  we  could  call  the 
radiating  groups  of  tourmalines  in  granites  spherulitic),  yet 
that  it  applies  to  the  larger  number  of  true  spherulites,  if  not 
all,  can  hardly  be  denied.  According  to  this  definition  the 
Ischian  (as  well  as  the  Hawaiian)  keraunoids  are  true  spheru- 
lites, though  they  are  not  groups  of  radiating,  separate,  rami- 
fied crystals,  but  one  individual. 

They  are  in  fact,  as  has  been  said,  the  "  sphasroJcrystalle  "  of 
Lebmannft  and  Ilosenbusch.:{::|:     This  term  is  not  appropriate, 

*  Rosenbusch,  Mikr.  Phys.,  i.  36,  628  ;  Taf.  iii,  fig.  i :  ii,  494,  548. 

t  Hague,  Geol.  of  Eureka   District,  Mod.  xx,  U.  S.   G.  S.,  1892,  378.  PI.  Ill, 

fig.  14. 

X  Reiss  aud  Stubel,  Reisen  Id  S.  Amer.  Hocbgeb.  Rep.  Ecuador,  I,  Berlio,  1892. 
88. 

fYogt.  Mineralbild.  in  Scbmelzmassen,  Kristiania.  1892,  179,  PL  II,  15. 
Die  Krystalliten,  Bonn,  18'5,  Taf.  xiv,  figs.  4  and  6. 
biddings,    Bull.   Phil.   Soc,    Washington,   xi,  1891,  445,   cf.   Obsidian   Cliil 
7,  Rep ,  U.  8.  G.  S ,  276  flf.  1888. 

**  Cross,  Bull.  Phil.  Soc.  Washington,  xi,  1891,  411. 

ff  Lehmann,  op.  cit.,  i,  379.  %%  Rosenbnsch,  op.  cit  i,  36. 
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HB  Cohen*  and  Croesf  have  pointed  ont ;  since  a  true,  or  even 
approximately,  spherical  shape  is  an  extreme  form,  and  one 
very  rarely  attained  by  the  process.  For  this  reason  I  sug- 
gested the  use  of  the  term  keraunoidy  which  better  fits  the 
majority  of  the  forms,  and  since  the  need  of  some  term  for  this 
type  of  radiate  growth  seems  to  exist.  Cross  (loc.  cit.)  denies 
to  such  forms  the  right  to  be  called  spherulites,  but  if  Iddings' 
definition  be  accepted  they  properly  come  under  this  head;  as 
it  is  the  radiate  nianner  of  growth,  and  not  the  number  of  indi- 
viduals or  the  outer  form  which  is  the  determining  classifica- 
torv  characteristic. 

One.  can  infer  from  the  observations  of  these  two  writers,  as 
well  as  from  those  of  others  and  from  general  considerations, 
that  true  spherulites  in  this  sense  may  be  produced  by  three 
distinct  processes.  These  are:  by  the  divergence  of  many 
separate,  simple,  prismatic  crystals  from  a  common  point  or 
points — the  most  common  type,  especially  in  the  smaller  sphem- 
lites;  by  the  crystal lographic  branching  of  radiating  prisms,  as 
seen  in  Iddings's  "porous"  and  Cross's  "  hollow"  spherulites; 
or  by  ramification,  which  may  take  place  in  only  one  crystal,  as 
in  the  examples  of  Cross  and  Iddings.  We  might  distinguish 
the  two  forms  of  this  third  type  by  the  use  of  Tscberraak'e^ 
terms  monosomatic  and  polysomatic  applied  to  meteoric  chon- 
drules.  The  same  terms  may  be  used  for  the  "branched" 
spherulites;  while  those  formed  by  the  first  named  process  are, 
in  the  nature  of  the  case,  always  polysomatic.  Any  two,  or 
all  three,  of  these  processes  may  combine,  simultaneously  or 
successively,  to  form  complex  spherulites. 

In  regard  to  the  mode  of  growth  of  spherulites,  Cross  comes 
to  the  conclusion  that,  antecedent  to  the  crystallization  of  the 
feldspar,  there  was  a  development  of  colloidal  substance  within 
the  area  of  the  spherulite ;  and  that  the  fission  of  the  crystals 
is  due  to  the  tension  assumed  to  exist  in  this  solidifying  col- 
loidal mass.  That  such  a  tension  external  to  the  crystal  would 
induce  stmins  within  it,  or  at  least  aid  the  process  of  fission, 
seems  highly  probable.  But  apart  from  this  an  internal  tension 
must  exist  in  the  crystal,  as  shown  by  Lehmann,  and  as  several 
facts  noted  above  (such  as  the  curvature  of  the  needles)  go  to 
prove. 

In  connection  with  this  idea  of  the  formation  of  a  colloidal 
substance  the  presence  of  a  zone  of  dark  brown,  feebly  polariz- 
ing substance  around  individual  crystals,  and  in  patches  con- 
taining many  forked  crystals,  in  the  Ischian  trachytes,  (and  in 

♦Cohen,  Gotting.  gel.  Anzeigen,  1886,  915. 

f  Cross,  op.  cit.,  432. 

i  Cf.  Cohen,  Meteoritenkunde,  Stuttgart,  1894,  i,  260. 
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e  Hawaiian  basalt  glass),  is  especially  noteworthy.*  This 
Dwn  sabstance  seems  to  be  identical  with  the  '^  supplemental 
beralitic  growth  "  of  Cross  (p.  424),  and  may  be  supposed  to 
present  this  colloidal  substance,  which  in  the  more  quickly 
3led  obsidian  has  not  had  time  to  crystalize,  while  in  the 
ichyte  proper  {So.  523)  it  has  entirely  disappeared. 
Id  the  Colorado  rhyolites  Cross  supposes  this  substance  to  be 
oiposed  of  hydrous  silica  and  feldspar,  in  accordance  with  the 
emical  composition  of  the  rock  ana  the  intimate  association 

quartz  or  tridymite  with  the  orthoclase  in  the  spherulites. 
lis  supposition  cannot  be  made  in  the  case  of  the  Ischian 
ichytes,  where  the  silica  does  not  reach  61  per  cent,  and  the 
,0  content  is  less  than  one  per  cent.  Here  we  must  suppose 
to  have  been  almost  entirely  of  feldspathic  matter,  with  some 
►n  which  went  to  form  the  trichites. 

It  may  be  of  interest  to  note  that  the  ramified  orthoclase  crys- 
6  described  in  the  preceding  pages,  as  well  as  the  Hawaiian  aug- 
8,  show  a  certain  similarity  to  the  diverging  pyroxene  needles 
rming  chondrules  in  certain  meteoric  stones,  as  those  of 
antrejeau  (1858),  Tadjera  (1867),  and  Tieschitz  (1878),  as 
scribed  and  shown  in  photographs  by  Meunier.f  The 
semblance  is  even  greater  with  the  artificial  crystals  of  enstat- 

obtained  by  the  same  scientist  and  figured  on  page  339 
the  work  cited. 

As  I  have  not  been  able  to  examine  sections  of  these  falls  it 
11  not  do  to  push  the  analogy  far,  and  I  can  at  present  only 
.1  attention  to  their  apparent  resemblance,  and  suggest  that 
ondrules  be  examined  from  the  point  of  view  of  spherulitic 
awth. 

^  A  similar  brown  zone  may  be  seen  about  many  of  the  spherulites  in  the  rhjo- 
)  o(  the  Alter  Schloss,  near  Schemnits,  in  Hungary. 
\  8.  Meunier,  Lea  Meteorites,  Paris,  1 884,  240,  242,  523. 
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Art.  XLV. — On  numerical  Relatione   existing  between  th 
Atomic  Weights  of  the  Elements ;  by  M.  Carey  Lea, 

In  the  first  part  of  a  paper  on  the  ions  it  was  shown  that 
the  elements  were  divisible  into  three  great  classes:  those 
whose  ions  were  always  colorless,  those  whose  ions  were  always 
colored,  and  a  smaller  class  whose  ions  were  colored  at  some 
valencies  and  colorless  at  others.* 

It  was  also  shown  that  the  first  class,  those  whose  ions  were 
always  colorless,  could  be  arranged  in  vertical  lines  so  that  the 
horizontal  lines  contained  each  a  natural  group.  Also  that  the 
elements  having  both  colored  and  colorless  ions  were  much 
more  closely  allied  to  these  than  to  the  group  having  alwaj8 
colored  ions.  This  last  named  class  does  not  divide  into  CTOups 
at  all,  but  forms  series  with  the  atomic  weights  immediatelj 
following  one  another. 

Therefore  as  long  as  an  element  has  any  colorless  ions  it 
really  seems  to  belong  to  the  class  with  the  ions  all  colorless. 
So  much  so  that  when  the  fii*st  class  is  tabulated  the  members 
of  this  transitional  class  find  vacant  spaces  into  which  they 
naturally  fall.  To  make  this  clear  and  to  elucidate  what  fol- 
lows, I  here  reproduce  Table  II  from  the  first  part  in  a  con- 
densed form.     (Transitionals  in  italics.) 


I. 

jH    1 
iLi    7 

F     19 

CI 

35-5 

Br 

80 

J     127 

Na  23 

K 

39- 

Rb 

85 

Cs  132 

II. 

% 

*  *   •  • 

Ca 

40 

Sr 

88 

Ba  137 

III. 
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Sc 

44 

Y 

90 

La  139 

IV. 
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TV 

iS 
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•  A  »  M 
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M    «    •■   • 

•    w    •    W 

y 

61 

Nh 

H 

Ta  183 

VI. 
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Mo 

96 

w  m 

L 





Gu 

6S 

^9 

108 

Au  196 

II. 

Be  9 

MgiJ4 

Zn 

65 

Cd 

112 

Hg200 

IIL 

B  11 

Al    27 

Ga 

69 

In 

114 

IV. 

C   12 

Si     28 

Ge 

72 

Sn 

118 

Pb206 

V. 

N  14 

P     31 

As 

75 

Sb 

120 

Bi  208 

VI. 

0    16 

S      32 

Se 

79 

Te 

126 

•  *  •  • 

Th234 


In  the  case  of  some  few  elements  it  has  not  been  easy  to 
find  published  data  sufficient  to  determine  with  absolute  cer- 
tainty the  color  of  the  ions.  Further  study  of  this  subject  has 
led  me  to  make  a  slight  change  in  reprinting  the  above  table. 
I  had  previously  classed  the  metal  cerium  as  transitional.  The 
eerie  ion  is  undoubtedly  colored,  but  as  to  the  cerous  ion  there 
is  some  uncertainty.  Its  compounds  are  nearly  colorless,  bntss 
they  exhibit  a  Blight  red  tinge  the  ions  may  perhaps  be  colored. 
It,  therefore,  seems  better  in  this  uncertainty  to  place  ceriuiB 

*  This  Journal,  May,  1895 ;  the  second  part  will  appear  next  month. 


21.  O.  Lea — Atomic  Weights  of  the  Elemente,  38? 

je  of  the  other  members  of  its  group.  It  is,  therefore, 
I  from  the  above  table.  Also  in  the  paper  just  referred 
I  was  placed  amongst  the  elements  having  colored  ions 
The  auric  ion  is  certainly  colored,  but  about  the  aureus 
re  is  some  doubt ;  the  oxids  and  the  haloids  are  colored 
;hey  are  insoluble  they  give  no  positive  information.  It 
(,  however,  that  when  aureus  chloride  is  dissolved  in 
chloride  it  yields  a  colorless  solution  from  which  color- 
j^stals  are  obtained.  Various  other  double  salts  form 
)lorless  solutions  and  colorless  crystals.  The  following 
imples:  Ammonium  aurammonium  sulphite,  sodium 
osulphate,  potassium  anrocyanide,  etc.* 
;  seems  characteristic  of  the  soluble  salts  to  be  colorless, 
ude  that  gold  must  be  considered  as  having  both  colored 
orless  ions.  It  is,  therefore,  a  transitional  element  and 
;s  place  in  the  above  table  where  elements  of  that  class 
in  italics.  It  is,  however,  interesting  to  observe  that 
these  two  metals  cerium  and  gold  are  at  the  very  limit- 
int  between  two  classes,  so  there  are  spaces  open  for 
1  each  of  these  classes,  a  circumstance  that  can  hardly  be 

>U8. 

Table  of  Differences. 

le  respective  numbers  of  the  first  column  in  the  preced- 
le  be  each  subtracted  from  the  corresponding  number  of 
tend  column,  the  second  column  from  the  third  and  so 
obtain  a  series  of  differences  which  are  given  in  the 
Blow. 
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44-5 

47 

16 

16 

46 

47 

1  • » * 

•  ^  »  ^ 

48 

49 

•  •  s  - 

«  w  »  w 

45 

49 

>  —  s  • 

«  -  -  • 

44 

88 

>  ^  w  ^ 

•  w  *  « 

«»  w  M  M 

88 

.  •  •  • 

•  •  »  • 

45 

88 

15 

41-3 

46-7 

88 

16 

42 

45 

90 

16 

44 

46 

88 

17 

44 

46 

88 

16 

47 

46 



IS  been  remarked,  I  think  as  far  back  as  the  time  of 
that  differences  of  16  between  the  atomic  weights  fre- 
'  presented  themselves  and  occasionally  differences  of 
(re  or  thereabouts  But  these  were  scattered  cases.  In 
>ve  table  of  differences  aU  the  elements  are  repre- 
with  the  exception  of  the  comparatively  small  group 
ions  always  colored.      As  has  been  already  said,  this 

*  Roflcoe  and  Sehorlemmer,  let  ed.,  ii,  2,  pp.  380-1. 
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last  gronp  of  elements  having  nothing 
in  common  with  other  elements  cannot  be 
classed  with  them  and  will  probably  be  found, 
when  we  know  much  more  than  we  do  now, 
to  have  a  wholly  different  constitution. 

There  are  several  things  worthy  of  remark 
in  the  above  table.  It  will  be  seen  that  the 
differences  at  first  approximate  to  16.  Then 
comes  a  long  set  of  differences,  twenty  in 
number,  beginning  with  41*8  and  gradually 
but  not  regularly  increasing  to  49.  The 
remaining  differences  are  all  exactly  88  with 
one  exception  of  90,  but  as  this  is  the  dif- 
ference between  two  metals  of  which  com- 
paratively little  is  known  and  whose  atomic 
weights  cannot  be  considered  as  being  acco- 
rately  fixed  (indium  and  thallium),  it  is  quite 
probable  that  this  exception  may  hereafter 
disappear. 

It  should  be  remarked  that  when  tlie  set 
of  differences  approximating  16  is  once  left 
behind,  this  difference  does  not  reappear  in  a 
single  case.  The  same  is  true  of  the  differ- 
ences averaging  45  :  this  class  of  differences 
does  not  once  reappear  when  88  is  reached. 

For  some  time  past  it  has  been  believed 
that  the  oxygen  group  does  not  end  with 
tellurium  but  contains  still  another  member 
with  a  higher  atomic  weight.  It  will  be 
observed  that  in  both  the  above  tables  there 
remains  a  space  for  such  an  element.  Its 
atomic  weight  should  exceed  that  of  telln- 
rium  by  the  difference  88  and  should  there- 
fore be  213.  Finally  it  may  be  said  that  the 
blanks  in  the  jtable  of  differences  are  due  to 
corresponding  blanks  in  the  table  of  atomic 
weights. 

The  change  just  mentioned  in  the  classifi- 
cation of  cerium  and  of  gold  makes  a  slight 
change  in  the  table  representing  the  whole 
range  of  elements  in  series.  I  therefore 
reproduce  this  table  as  corrected. 

It  will  be  observed  that  all  the  elements 
having  only  colorless  ions  appear  on  the 
base  line.  The  elements  having  ions  alwaj's 
colored  appear  on  the  upper  line  parallel 
to  the  base  line.  The  transition  elements 
ap\^e^r  on  the  inclined  lines. 
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SLVI. — Crocoitefrom  Tasmania;  by  Charles 

rALACHE. 

JQH  the  kindness  of  Mr.  Stephen  A.  Douglas  of  San 
),  the  writer  can)e  into  possession  some  time  since  of 
s  of  crocoite  from  Tasmania  representing,  so  far  as  his 
ion  extends,  a  new  or  undescribed  locality  for  this  min- 
:  the  two  specimens  available  for  study  one  is  now  in 
ral  cabinet  of  the  University  of  California,  the  second 
iter's  possession.  They  consist  of  masses  of  crocoite 
clustered  upon  bases  of  lamellar  limonite,  each  mass 
g  several  inches  in  diameter.  The  mineral  occurs  in 
)earing  lead  deposit  known  as  the  Adelaide  mine  on 
das,  west  coast  of  Tasmania  ;  but  of  the  nearer  geo- 
ilations  unfortunately  no  information  is  at  hand.  It  is 
;cur  in  considerable  abundance,  a  statement  borne  out 
ppearance  of  these  specimens  and  the  many  others  in 
iglas's  possession.  Besides  the  limonite  there  is  no 
gangue  or  wall  rock  nor  are  there  any  other  lead  min- 
1  as  might  be  expected  to  accompany  the  crocoite. 
ystals  are  of  a  light  hyacinth  red  color,  quite  translu- 
with  adamantine  luster.  They  vary  in  size  from 
needles  to  prisms  of  2*^  length  and  3"™  diameter, 
t  is  prismatic  and  the  crystals  are  never  doubly  termi- 
3ing  attached  at  one  end  to  the  limonite.  The  larger 
Eire  often  cavernous,  giving  rise  to  hollow  prismatic 
As  is  usually  the  case  with  crocoite,  the  crystal  planes 
and  brilliant,  giving  good  reflections  on  the  goniome- 
e  faces  of  the  prism  zone  are,  however,  strongly  stri- 
illel  to  the  prism  edges  and  this  renders  the  identiiica- 
ome  forms  doubtful. 

3rystals  were  subjected  to  measurement  and  showed 
wing  forms,  most  of  which  were  present  on  each  crys- 
3  letters  used  are  those  of  Dana. 
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oUowing  table  shows  some  of  the  measurements  and 
J8  calculated  from  Dauber's  elements. 


a  Palacke- 

-Croc&Uefrom  Taamania. 

Aveiaee             Number  ol 

0  96°  W 

1  83    37 

2  18    11 
I         131    36 

11            36       9 
10            eO    38 
10          74    17 

86°  14'                     14                 86*  59'-86*  31 
83    38                    1 
48     IS                       I 
lit     40                       1 
35    41                    1 
fi9    GS                    1 
74    13                    3                73'-75'  IS' 

The  two  prismB  (IO-3'O)  and  (5-3*0)  were  repreBented  by 
exceedingly  indistinct  faces,  reflections  from  which  were  only 
dimlj  visible  with  the  3  ocular  of  the  Fueas  instrnment.  Oo 
this  account  the;  are  considered  doubtfnl  and  are  not  intro- 
duced into  the  figure.  The  first  form 
S  (IO'3'O),  is  unrecorded  ;  the  eecond,  T 
(S'3'0),  is  enumerated  among  doabtfol  fonns 
by  Dauber. 

The  remaining  forms  are  shown  in  the 
figure  in  about  an  average  developroeot; 
but  their  proportions  vary  widely  in  variooe 
cmtals  with  either  t  (111),  v  (111)  or  foruB 
of  the  clinodome  zone  predominatiiw. 
This  combination  of  forme  ia  exceediom 
like  that  shown  by  Dauber*  on  a  cTystaTof 
crocoite  from  Berezov  in  the  Ural,  wbJdi  is 
somewhat  surprising  considering  the  widelj 
different  paragenesis  of  the  mineral  in  the 
two  localities. 
Ulneralogical  Laboratory,  Harvard  nnlverslty,  Januuy,  1996. 

*  Berichte  Akad.  Wien.,  xlii,  flg.  93,  PI.  U,  1B60. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

.  Investigatiofis  with  sulphide  of  nitrogen, — ^In  a  preliminary 
ice,  Clever  and  Muthmanit  have  described  a  few  products 
ained  by  the  action  of  several  reagents  apon  this  well-known 
losive  compoand.  The  sabstances  obtained  are  so  remarkable 
composition  and  behavior  that  it  is  evident  that  the  authors 
e  opened  np  an  important  field  of  investigation.  By  deter- 
iing  the  elevation  in  boiling-point  of  the  carbon  disulphide 
ition,  the  authors  have  confirmed  the  recent  results  of  Sohenek, 
>  used  the  depression  of  the  freezing-point  in  naphthalene  solu- 
I9  in  arriving  at  a  molecular  weight  184  for  sulphide  of  nitro- 
,  corresponding  to  the  formnla  N^S^.  By  the  action  of  an 
ess  of  bromine  upon  a  solution  of  nitrogen  sulphide  in  carbon 
ilphide,  a  well  crystallized,  bronze-colored  compound,  N^S^Br^, 
(  obtained.  By  exposure  to  the  air,  the  substance  just  men- 
led  loses  sulphur  bromide  by  evaporation  and  is  changed  iut6 
ellow  amorphous  compound,  probably  having  the  composition 
5^Br,.  If  bromine  vapor  is  allowed  to  act  upon  dry  nitrogen 
>bide,  it  is  greedily  absorbed,  liquefaction  takes  place  and 
jr  some  time  large  garnet-red  crystals  of  a  very  unstable  body 
h  the  composition  N^S^Br^  are  Ibrmed.  By  exposure  to  the 
this  substance  yields  the  previously-mentioned  yellow  amorph- 

body.  The  most  interesting  compounds,  however,  are  those 
ich  will  be  now  mentioned.  By  the  action  of  nitrogen  dioxide 
3,)  upon  a  solution  of  nitrogen  sulphide  in  carbon  disulphide, 
ery  deliquescent,  white  crystalline  compound,  probably  NSO^, 
»roduced.     It  reacts  with  water  with  the  evolution  of  NO  and 

formation  of  sulphuric  acid,  probably  according  to  the  equa- 

NSO,  +  H,0  =  NO  +  H,SO,. 

on  acting  upon  the  previously-mentioned  substance,  N^S^Br^, 
lie  suspended  in  carbon  disulphide,  with  nitrogen  dioxide,  a 
ary-yellow  substance  is  deposited  in  microscopic  crystals. 
is  is  free  from  bromine  and  probably  has  the  composition  rep- 
3nted  either  by  the  formula  NSO  or  N^S^O^.  This  compound 
omposes  suddenly,  giving  forth  a  brilliant  light,  even  when  a 
«  containing  it  is  exposed  to  the  heat  of  the  hand.  It  dis- 
hes in  water,  giving  a  yellow,  neutral  solution,  which,  upon 
-ming,  deposits  a  black  substance.  Tbe  latter  quickly  decom- 
88  into  sulphur  and  a  gas  of  peculiar  odor,  which  has  not  yet 
D  investigated,  but  which  the  authors  surmise  to  be  a  lower 
ie  of  sulphur.  The  canary  yellow  compound  behaves  in  a 
erent  manner  with  alcohol,  giving  a  dark  red  solution  which 
es  off  sulphur  dioxide  upon  boiling  and  deposits  a  crystalline 
stance  which  had   not  yet  been   analyzed.     Another  curious 
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sabstance,  probably  N^S,0,,  was  obtained  by  the  action  of  nitro- 
gen dioxide  apon  N^S^Br,.  The  authors  intend  to  complete  the 
study  of  the  substances  that  have  been  mentioned,  and  to  extend 
the  investigation  to  the  action  of  chlorine,  iodine  and  the  chlor- 
ides of  phosphorus  upon  nitrogen  sulphide. — BerichU^  xxix, 
340.  H.  L.  w. 

2.  Manganese  carbide, — Moissan  has  prepared,  by  means  of 
his  electric  furnace,  a  well-characterized  compound  CMn,.  This 
result  confirms  that  of  Troost  and  Hautefeuille,  who  obtained  the 
same  substance  by  the  use  of  a  wind-iurnace.  Moissan  used  200 
parts  of  manganese  protosesqoioxide  and  50  parts  of  sugar  cha^ 
ooal  and  heated  the  mixture  in  a  carbon  tube,  closed  at  one  end. 
The  compound  is  readily  attacked  by  various  chemical  agents, 
and  the  action  of  water  upon  it  is  especially  interesting  from  the 
fact  that  equal  volumes  of  marsh-gas  and  hydrogen  are  evolved. 
The  following  equation  represents  the  reaction  : 

CMn.  +  6H,0  =  3Mn(OH),  +  CH,  +  H, 

No  acetylene  or  ethylene  is  produced. —  Compt,  Rend,^  cxxii,  421. 

H.  L.  w. 

3.  The  preparation  of  pure  strontium  compounds. — Sorbnskk 
has  made  a  critical  study  ol  various  methods  of  obtaining  stron- 
tium salts  free  from  barium  and  calcium.  The  process  which  be 
recommends,  after  an  elaborate  series  of  experiments,  is  brieflv  as 
follows :  The  greater  part  of  the  barium  is  removed  by  ad dinf^ 
concentrated  hydrochloric  acid  to  a  solution  of  the  chlorides  uutil 
strontium  chloride   begins  to  crystallise  out  upon  cooling.     A 

Erecipitation  b^  means  of  sulphuric  acid  is  then  made  in  the 
ydrochloric  acid  solution,  whereby  most  of  the  calcium  is  left  in 
solution.  The  sulphates  are  decompot<ed  by  warming  with  strong 
ammonium  carbonate  solution,  the  washed  carbonates  are  di$»- 
solved  in  nitric  acid,  the  solution  is  evaporated  to  dryness,  the 
residue  is  dissolved  in  water  and  filtered,  and  the  barium  is  com- 
pletely removed  by  repeated  fractional  precipitations  with  small 
amounts  of  dilute  sulphuric  acid  in  a  solution  containing  -^  of  its 
volume  of  66  per  cent  nitric  acid.  This  separation  is  not  con- 
sidered complete  until  the  last  precipitate  of  sulphate  is  free  from 
barium.  The  nitrate  solution  is  evaporated  to  a  semi-solid  condi- 
tion, the  mass  is  extracted  with  alconol  and  the  residue  is  washed 
with  the  same  liquid.  This  residue  is  dissolved  in  water  and  the 
operation  is  repeated  until  the  calcium  has  been  completely 
removed.  The  author  obtained  a  yield  of  76-77  per  cent  by  this 
method. 

The  author  calls  attention  to  a  rule  which  has  an  important 
bearing  upon  the  separation  of  barium,  strontium  and  caloinm 
compounds  from  each  other.  He  considers  the  rule  to  be  quite 
self-evident,  but  he  believes  that  it  has  not  always  been  taken 
'  into  consideration  in  the  preparation  of  chemical  prodaots.  It  is 
expressed  by  the  statement  that  ''  Corresponding,  isomorphous 
salts  of  closely-related  elements  are  more  dilfioult  to  separate  than 
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corresponding  salts  which  are  not  isomorphoas."  As  examples, 
the  aathor  notices  that  he  was  nnable  to  completely  separate 
strontium  chloride  from  calcium  chloride,  although  the  two  salts, 
separately,  have  an  entirely  distinct  behavior  when  concentrated 
hydrochloric  acid  is  added  to  their  solutions.  On  the  other  hand, 
bariam  and  stroutiam  chlorides,  although  their  behavior  with 
ooncentrated  hydrochloric  acid  is  similar,  can  be  readily  separated 
so  as  to  obtain  pure  barium  chloride,  because  these  salts  are  not 
isomorphous*  Calcium  nitrate,  having  a  crystalline  form  which 
18  distmct  from  that  of  barium  and  strontium  nitrates,  can  be 
separated  from  the  latter.  The  sulphates  of  calcium,  strontium 
snd  barium  are  isomorphous,  but  although  they  differ  considerar 
biy  in  their  solubility,  for  instance  in  dilute  hydrochloric  acid, 
and  in  their  stability  towards  the  alkali-carbonates,  it  is  never- 
theless impossible  to  separate  them  when  they  are  precipitated 
together,  and  not  each  by  itself. — Zeitschr,  Anorg,  Chem.y  xi, 
305-378.  H.  L.  w. 

4.  A  new  class  of  compounds  of  metallic  salts  with  ammonia. 
— WiBDE  and  HoFMANN  have  described  the  salts  C,S^Co,(NH,)j, 
OS,Ni(NH,),  and  C,S,Fe,(NH,).2H,0,  which  are  evidently  deriva- 
tives of  thiocarbonic  acid,  and  members  of  a  new  clasn  of  the 
interesting  metallic-ammonia  salts.  The  simplest  method  of  pre- 
paring the  compounds  is  by  the  action  of  aqueous  ammonia  and 
carbon  disulphide  upon  the  metallic  hydroxides.  The  cobalt  and 
iron  salts  are  black  while  the  nickel  compound  has  a  ruby  red 
color,  and  all  of  them  were  obtained  in  a  well  crystallized  condi- 
tion. It  is  remarkable  that  iron  forms  such  a  compound. — Zeitschr, 
Anorg,  Chem.y  xi,  379.  h.  l.  w. 

6.  Infltience  of  light  on  the  form  of  discharge  of  a  HoUz 
machine. — Elsteb  and  Gbitel  have  shown  that  the  brush  and 
spark  discharge  of  a  Holtz  machine,  between  a  spherical  anode 
and  a  disc  cathode,  can  be  made  to  disappear  under  the  influence 
of  ultra  violet  light.  A  concave  disc  of  amalgamated  sheet  zinc 
constitute  the  negative  poles.  When  sparks  are  passing  between 
the  sphere  and  the  disc,  they  can  be  made  to  disappear  by  light- 
ing a  piece  of  magnesium  ribbon  in  the  neighborhood  of  the 
cathoae.  When  the  magnesium  light  no  longer  illuminates  the 
cathode  the  sparks  reappear.  In  this  case  the  illumination 
restricts  apparently  the  discharge  instead  of  increasing  it.  Elster 
and  Geitel  return  to  the  consideration  of  this  phenomenon,  and 
conclude  that  the  brush  discharge  and  spark  of  a  Holtz  machine 
is  supplanted  by  a  glow  discharge  when  the  cathode  is  illuminated, 
and  that  this  last  form  of  discharge  carries  over  a  less  quantity  of 
-electricity  than  the  brush  and  spark  discharge  in  the  dark. — Ann. 
der  Physik  und  Chemie,  No.  3,  pp.  401-407,  189B.  j.  t. 

6.  Fluorescence  of  Vapors. — E.  Wiedemann  and  G.  C.  Schmidt 
state  that  sodium  and  potassium  vapor  fluoresce  brightly, 
the  first  green  and  the  last  red.  The  fluorescence  spectrum  of 
sodium  vapor  gives  continuous  and  also  channelled  bands,  together 
with  the  sodium  line.     Sodium  and  potassium  vapor  show  also 

Am.  Joub.  Sol — Fourth  Series,  Vol.  I,  No.  5.— Mat,  1896. 
26 
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under  electrical  excitatioD  of  flaorescencc  continuoas  bands  in  the 
green  and  also  the  red.  Stokes'  law  apparently  applies  to  the 
fluorescence  of  metallic  vapor,  and  the  fluorescenoe  ot  the  latter 
affords  a  means  o\  explanation  of  various  aHtrophy^ical  phenomena. 
— Ann,  der  Phyeik  und  Chemie,  No.  8,  pp.  447-453,  1896.   J.  t. 

7.  Ititerference  of  Electric  Waves.  —  Viktor  von  Lakg 
employs  Quincke's  well  known  double  U-tnbe  form  of  apparatus 
for  showing  the  interference  of  sound  waves  to  exhibit  also  the 
interference  of  electrical  waves.  Righi's  apparatus  is  used  to 
generate  short  electric  waves.  These  waves  are  sent  into  the 
Quincke  tube  and  by  suitably  changing  the  length  of  the  arms  of 
the  tube,  interference  is  produce<l  which  is  detected  by  a  species  of 
coherer  such  as  was  used  by  Branly,  and  developed  by  Lodge 
One  arm  of  the  Quincke  tube  was  also  partially  filled  with  certain 
dielectrics  and  their  index  of  refraction  measured.  The  value  of 
the  latter  for  paraffine  was  /^  =  1*701.  Right  obtained  /i  =  1*43. 
For  sulphur  )W  =  2*333,  while  Righi  obtained  yLi  =  1-87. — Ann, 
der  Phyeik  und  Chemie^  No.  3,  pp.  430-442,  1896.  j.  t. 

8.  Jiontgen''8  Discovery, — Since  the  last  issue  of  this  journal 
considerable  progress  has  been  made  in  the  art  of  cathode  photog- 
raphy. Greater  detail  has  been  obtained  by  what  are  called  focas 
tubes,  which  consist  in  the  main  of  a  modification  of  that  form  of 
Crookes  tube  which  was  employed  to  show  the  convergence  of 
the  cathode  rays  proceeding  from  a  concave  metallic  mirror,  upon 
a  thin  sheet  of  platinum  placed  at  its  focus.  When  this  sheet  of 
platinum  is  inclined  at  an  angle  of  45°  to  the  line  connecting  the 
Cathode  and  the  anode,  it  apparently  serves  as  a  center  from  which 
sharp  shadows  are  obtained.  It  seems  probable  also  that  the 
anode  reflects  the  cathode  rays  in^a  similar  manner.  Tesla, 
and  O.  N.  Rood  bring  forward  evidence  to  show  that  the 
cathode  rays  can  be  reflected.  Tesla  early  stated  that  it  was 
best  to  use  one  terminal  of  a  high-frequency  coil.  I  have  found 
this  method  of  great  advantage  in  diminishing  the  liability  to 
breakage  of  the  tubes.  A  wire  is  led  from  one  terminal  of  a  Thom- 
son or  Tesla  coil  to  one  terminal  of  a  Crookes  tube,  the  other 
terminal  of  which  is  connected  to  a  large  metallic  plate.  The 
system  should  be  brought  into  resonance.  The  method,  however, 
presents  this  difiiculty.  The  high  electromotive  force  and  the 
electrical  oscillations  drive  out  the  occluded  air  and  the  tuhes 
require  to  be  re-exhausted.  It  is  desirable,  therefore,  to  have  the 
tubes  always  connected  with  a  mercury  pump,  or  to  exhaust  the 
tubes  originally  by  the  aid  of  a  high-frequency  coil.  Tubes  which 
have  been  electrically  excited  by  the  ordinary  Ruhmkorf  coil 
while   being   exhausted   soon   depreciate  under  the  action  of  the 

,  high-frequency  coil.  j.  t. 

9.  The  Teniperature  of  the  Carbons  of  the  Electric  Arc.-- 
Wilson  and  Gray  in  a  paper  before  the  Royal  Society  give  the 
results  of  measurements  of  the  temperature  of  the  positive  pole  of 
the  electric  arc.     The  temperature  obtained  was 

3600°  abs.  or  3300°  C. 
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This  agrees  very  closely  with  the  approximate  estimate  given  by 
Violle  (1893),  viz.:  3600°  C.  The  method  here  employed  is  that 
used  by  the  same  authors  in  an  earlier  investigation  on  the 
effective  temperature  of  the  sun  (Phil.  Trans.,  A.,  vol.  clxxxv,  361, 
1894).  This  consisted  essentially  in  balancing  the  radiation  from 
a  platinum  strip  against  that  of  ihe  carbon  of  the  arc.  Further, 
taking  3300°  as  the  temperature  of  the  crater  of  the  positive  car- 
bon, that  of  the  negative  carbon  is  found  to  be  about  2400°.  No 
estimate  is  attempted  of  the  temperature  of  the  arc  itself. — Proe. 
Roy*  ISoc.y  Iviii,  24. 

10.  Melting  points  of  some  of  the  metals. — S.  W.  Holm  an,  R.  R. 
Lawbence  and  L.  Babr  have  recently  given  the  following  deter- 
minations of  the  melting  points  of  several  of  the  metals,  which 
they  believe  to  be  more  reliable  than  previous  data.  The  values 
are  based  upon  1072°  C.  as  the  melting  point  of  gold,  as  given  by 
Holborn  and  Wien.     They  are  as  follows : 

Aluminum 660° 

Silver 9V0° 

Gold  .: [1072°]  assumed 

Copper 1095° 

Platmum 1760° 

All  of  the  samples  experimented  upon  were  of  a  high  degree  of 
fineness  except  the  platinum,  which  may  have  contained  0*5  p.  c. 
of  impurity.  The  paper,  from  which  the  above  data  are  quoted, 
gives  in  full  the  meihod  of  experiment  followed.  Other  papers 
by  S.  W.  Holman,  also  recently  published  in  the  Proceedings  of 
the  American  Academy^  have  the  subjects :  Calorimetry,  methods 
of  cooling  correction  ;  also  Pyrometry,  calibration  of  the  Le  Cha- 
telier  thermo-electric  pyrometer. 

II.    Geology  and  Natural  History. 

1.  JSconomic  Geology  of  the  Mercur  Mining  District ^  Utah; 
by  J.  Edward  Spurr,  with  introduction  by  S.  F.  Emmons.  Six 
teenth  Annual  Report  of  the  United  States  Geological  Survey, 
Part  11,  pp.  343-464.  (Author's  abbtract.) — ^The  Oquirrh  moun- 
tains are  one  of  the  parallel  ranges  of  the  Great  Basin,  and  the 
first  lying  west  of  the  Wasatch  range  and  the  Great  Salt  lake. 
Close  to  the  southern  end  of  this  range  the  Mercur  mining  dis- 
trict is  situated,  in  a  well-marked  topographical  basin  which  has 
been  called  the  Mercur  basin.  The  rocks  exposed  in  the  Mercur 
basin  consist  of  about  12,000  feet  of  strata,  chiefly  massive  lime- 
stones with  intercalated  calcareous  sandstones  and  occasional 
•hale  beds ;  fossils  Irom  various  points  in  this  series  show  it  to  be 
all  of  Carboniferous  age.  In  the  lower  part  there  are  intruded 
sheets  of  quartz  porphyry  of  two  distinct  varieties.  With  one 
of  these  varieties,  which  has  a  distinct  granophyric  structure,  all 
of  the  ore  deposits  of  the  district  are  associated.  In  the  produc- 
tive region  this  porphyry  is  reduced  to  three  sheets,  averaging 


396  Scientific  Intelligence, 

ten  or  fifteen  feet  in  thicknesB,  and  within  one  hundred  feet  of 
each  other.  The  lowest  sheet  is  characterized  by  the  presence  of 
silver  ores,  to  the  exclusion  of  gold  ;  the  middle  sheet  by  gold 
ores,  with  no  silver ;  while  the  uppermost  sheet,  which  is  espec- 
ially thin  and  intermittent,  is  not  mineralized  to  any  extent.  The 
gold  and  silver  horizon  are  known  as  the  Gold  and  Silver  Ledges 
respectively. 

The  Silver  Ledge  is  marked  by  complete  silification  of  the 
limestone,  and  by  barite  in  irregular  masses,  with  some  stibnite 
and  a  little  copper  and  silver.  It  is  probable  that  the  metals 
were  originally  deposited  as  sulphides,  and  that  they  were  intro- 
duced into  their  present  position,  together  with  quartz  and  barite, 
by  ascending  waters ;  and  the  phenomena  accord  best  with  the 
idea  that  the  mineralization  was  accomplished  by  waters  excluded 
from  the  porphyry  during  its  consolidation,  and  that  thus  the  ore- 
deposit  is  a  special  case  of  contact-metamorphism. 

The  Gold  Ledge,  which  is  situated  about  one  hundred  feet  ver- 
tically above  the  Silver  Ledge,  is  characterized  by  a  softened  con- 
dition of  the  orcA,  whether  in  the  normal  condition  of  sulphide, 
or  in  the  zone  which  has  been  bleached  and  altered  by  surface 
oxidation.  Its  most  characteristic  feature  is  realgar,  which  occurs 
in  large  amounts  in  the  unoxidized  ores,  with  frequent  cinnabar 
and  gold  in  small,  but  in  certain  zones  nearly  uniform,  quantities. 
The  gold  is  in  extremely  finely  divided  condition  ;  but  it  is  prob- 
able that  it  exists  in  the  unaltered  form  as  telluride,  and  that  on 
oxidation  it  has  become  free  gold.  Evidence  shows  that  the 
mineralization  of  the  gold-horizon  took  place  at  a  distinctly  later 
date  than  that  of  the  silver-horizon ;  and  that  the  mineralizing 
agents  were  probably  in  a  vaporous  rather  than  in  a  liquid  form. 

2.  Catalogue  of  the  Fossil  Joshes  in  the  JBritisn  Museim^ 
Part  Illy  containing  tlie  Actinopteryglan  Teleostomi  of  the 
orders  ChondrostU  (concluded)^  Protospondyliy  Aetfieospondyliy 
and  Isospondyli  (in  part)  ;  by  A.  S.  Woodward  ;  pp.  1-644,  pis. 
1-xviii.  London,  1895. — Mr.  Woodward's  introduction,  of  about 
twenty  pages,  is  full  of  important  conclusions,  derived  from  his 
exhaustive  study  of  the  Actinopteryglan  fishes,  regarding  the 
phylogenetic  relations  of  the  several  families.  In  the  arrange- 
ment (»f  the  material  in  the  catalogue,  the  author  has  attempted 
to  record,  in  as  nearly  a  natural  order  as  possible,  the  variation  of 
each  type  at  the  time  of  its  dominance.  The  origin  of  the 
Chondrostei  is  obscure,  but  that  they  are  later  than  the  Crossop- 
terygians  is  evident.  When  they  first  became  dominant  in  the 
lower  Carboniferous  they  exhibited  a  remarkable  sense  of  modificja- 
tion  and  thereafter  suffered  very  little  essential  change.  The  genus 
Acentrophorus  of  the  upper  Permian  is  the  first  of  the  sub-order 
Protospondyli,  and  it  is  observed  to  be  the  most  generalized  mem- 
ber of  the  family  to  which  it  belongs  (Semionolidse)  which  is  also 
the  most  generalized  family  of  its  series. 

The  same  fact  is  noted  regarding  Ophiopsis,  the  raost  general- 
ized genus  of  the  family  MacrosemeidsB,  and  the  earliest  to  ap- 
pear. 
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The  PycnodoDtidae,  specially  od  account  of  the  character  of  the 
ixial  flkeleton  and  the  mandible,  are  placed  among  the  Protospon- 
3ylL 

The  author  is  led  to  place  little  value  upon  the  characters  of 
Jie  scales  for  purposes  of  classification.  The  combination  of 
iiick,  rhombic,  firmly-articulated  scales  of  the  abdominal  regioil 
nrith  delicate,  cycloidal,  deeply-overlapping  scales  of  the  caudal 
pedicle  in  the  interesting  genus  Aetheolepis  of  New  South  Wales, 
ind  the  second  case  of  Tetragonolepis  having  both  thick  and 
;hiD  scales,  furnish  a  good  reason  lor  departing  from  the  long 
^tablished  usage  in  this  respect. 

Attention  is  also  called  to  the  interesting  fact  that  the  higher 
ishes,  like  the  highest  of  terrestrial  vertebrates,  are  characterized 
>y  a  comparatively  simple  mandible.  And  the  author  remarks 
n  this  connection  that,  ^^  on  acquiring  this  simplication  of  the 
aw,  the  Teleostomes  seem  to  be  infused  with  new  vigor,  vertebral 
centra  invariably  occur,  at  first  as  simple  rings,  then  as  robust 
imphicoelous  bodies ;  and  a  still  more  varied  series  of  families 
irises,  including  analogies  of  all  the  principal  modiBcations 
observed  among  the  lower  races,  these  being  superinduced  upon 
.be  new  and  advanced  typo  of  skeletal  frame.^'  h.  s.  w. 

3.  Catalogue  of  the  Mesozoic  Plants  •  in  the  Department  of 
Geology  of  the  British  Museum.  The  Wealden  J^^lora,  Part 
IT, —  Gymnospermce ;  by  A.  C.  Seward;  pp.  259,  plates  xx. 
[iocdon,  1895. — The  following  quotations  from  Mr.  Seward's 
conclusion  drawn  from  the  study  of  this  material  will  be  of  inier- 
»Bt  to  the  geologist  :  "  The  general  characters  of  the  vegetation 
irould  certainly  seem  to  point  to  a  tropical  climate,''  p.  239. 

*'The  evidence  of  pal(Eob<»tany  certainly  favors  the  inclusion 
>f  the  Wealden  rocks  in  the  Jurassic  series,"  p.  240. 

Regarding  the  evolution  of  angiospermous  plants,  he  says: 
•  The  true  Wealden  vegetation  would  seem  to  have  been  without 
my  examples  of  the  highost  claPS  of  plants,  and  may  be  looked 
ipoD  as  the  last  of  the  Mesozoic  floras  in  which  gymno^perms 
-epresented  the  limit  of  plant  development.  One  genus,  how- 
ever, carries  us  a  few  steps  towards  the  next  stage  m  botaniital 
ivolutiou;  the  inflorescence  of  Bennettites  marks  a  distinct  advance 
ji  the  diflerentation  ot  reproduclive  structures  beyond  the  char- 
icteristic  cycadean  type,"  p.  241. 

4.  Catalogue  of  the  Perdform  Fishes  in  the  British  Mitseutn, 
id  edition  J  Vol.  1,  contaviing  the  Cetitrarchidce^  Percidce,  ami 
Serranidce  (part) ;  by  Georgb  A.  Boulenger:  pp.  394,  pis.  xv. 
London,  1895. — The  materials  forming  the  basis  for  this  second 
edition  are  the  collections  received  by  the  museum  since  the  year 
1870.  At  the  time  of  the  publication  of  the  first  edition  29,275 
ipecimens  had  been  registered.  The  acquisitions  since  that  time 
unount  to  29,375  specimens.  These  have  been  obtained  from  all 
parts  of  the  world;  among  the  most  important  contributions  aie 
^bose  biiought  home  by  the  "  Challenger,"  comprising  littoral, 
pelagic,  and  bathybial  forms  from  almost  every  part  of  the  oceau 
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traversed  by  the  ship.  Also  fresh-water  Rpccimens  from  out  of 
the  way  places  in  Asia,  Africa,  South  and  ^orth  Aoierlca  and  the 
isles  of  the  seas.  The  author  has  given  special  attention  in  his 
revision  to  the  study  of  the  oste&logical  characters,  and  the  chief 
types  of  cranial  structure  are  illustrated  by  figures  in  the  text. 
Special  acknowledgments  are  made  of  the  assistance  derived 
Irom  the  revisions  of  North  American  ichthyology  by  our  country- 
men Jordan,  Gilbert  and  Eigenmann.  For  the  families  studied 
the  report  gives  a  thorough  revision  of  present  knowledge. 

5.  hescriptive  CatcUog^ue  of  the  Spiders  of  JBurma^  based  upon 
the  Collection  made  by  Eugene  W,  Oates  atid  preserved  in  the 
British  Museum;  by  T.  Thorbll;  pp.  406.  London,  1895.— 
This  is  an  exhaustive  descriptive  catalogue,  in  Latin,  of  this 
unique  collection  containing  310  species,  of  which  206  are  new  to 
Burma  and  153  new  to  science. 

6.  The  duration  of  Niagara  laUs  and  the  History  of  the 
Great  Lakes ;  by  J.  VV.  Spencer;  pp.  1-126,  tigs.  1-27,  pis.  i-v. 
(2d  ed.) — This  is  an  excellent  series  of  papers  explaining  the 
geological  features  and  history  of  Niagara  Falls  and  environs 
and  republished  in  book  Ibrm  under  the  direction  of  the  Commis- 
sioners of  the  N.  Y.  State  Reservation  at  Niagara  and  accom- 
panying their  eleventh  report.  The  chapters,  nine  of  them,  were 
originally  published  by  Dr.  Spencer  in  this  and  other  journals;  to 
them  are  added  a  few  full-page  reproductions  of  photographs  of 
the  falls  and  river. 

7.  Illinois  State  Museum,  Bull.  No.  7. — New  and  interesting 
species  of  Paleozoic  fossils,  pp.  1-89,  pis.  i-v,  Dec.  5,  1 895.  Bull. 
No.  8. — Descriptions  of  new  and  remarkable  fossils  from  the 
Paleozoic  rocks  of  the  Mississippi  valley ;  pp.  1-65,  pis.  i-v,  Feb. 
1896. — In  these  two  bulletins  the  authors,  S.  A.  Miller  and  Wm. 
F.  E.  GuRLEY,  have  described  and  figured  a  large  number  of 
specimens  of  fossils,  chiefly  crinoids,  and  from  Niagara,  Hamiltoo 
and  various  Carboniferous  formations,  in  large  majority  from  the 
latter. 

8.  Oblique  Bedditig  in  Limestones,  —  Pl  remarkable  structaral 
condition  is  described  by  Professor  Calvin  in  the  Le  Claire  lime- 
stones of  Iowa.*  This  limestone  is  .the  second  stage  of^  the 
Niagara  formations  of  that  state.  The  author  states :  '^  In  the 
first  place  it  varies  locally  in  thickness,  so  much  so  that  its  upper 
surface  is  exceedingly  undulating,  the  curves  in  some  places 
being  very  sharp  and  abrupt.  In  the  second  place  it  differs  from 
every  other  limt'stone  of  Iowa  in  frequently  exhibiting  the  pecnl- 
iarity  of  being  obliquely  bedded  on  a  large  scale,  the  obliqoe 
bedding  often  atfecting  a  thickness  of  fifteen  or  twenty  feet.  IV 
Vhonomena  suggest  that  during  the  deposition  of  the  Le  Claire 
limestone  the  sea  covered  only  the  southwestern  part  of  the 
Niagara  aren,  ihat  at  times  the  waters  were  comparatively  shal- 
low, and  that  8troiig  currents,  acting  sometimes  in  one  directioD 

*  The  Le  Claire  Limestone  by  Samuel  Calvin,  Bull.  Lab.  Nat  Sci.  SUte  Uoiv. 
Iowa,  vol  iii.  pp.  183-189,  pis.  i-ii,  Mch.  16,  '96. 
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and  sometimes  in  another,  swept  the  calcareous  mad  back  and 
forth,  piling  it  up  in  the  eddies  in  lenticular  heaps  or  building  it 
up  in  oblique! y-bedded  masses  over  areas  of  considerable  extent. 
The  oblique  beds  observe  no  regularity  with  respect  to  either  the 
angle  or  direction  of  dip.  Within  comparatively  short  distances 
they  may  be  found  inclining  to  all  points  of  the  compass." 

9.  Geological  History  of  the  Chautauqua  (N,  Y,)  Grape  Belt ; 
by  R.  S.  Tare. — Under  this  title,  Bulletin  109,  of  the  Cornell  Uni- 
versity Agricultural  Experiment  Station,  publishes  some  topo- 
graphical and  sti-nctural  facts  regarding  the  land  bordering  the 
eastern  end  of  Lake  Erie,  which  will  be  of  interest  to  students  of 
surface  geology. 

10.  Geological  Literature. — The  assistant  librarian  of  the  Lon* 
don  Geological  Society  has  prepared  a  second  pamphlet  under  the 
above  title,  containing  a  list  of  the  geological  literature  added  to 
the  library  during  the  year  ending  December  31,  1895.  It  con- 
tains a  full  subject  index  as  well  as  list  of  titles  of  papers 
arranged  alphabetically  by  authors.  Although  not  exhaustive 
(157  pages),  it  is  a  convenient  reference  catalogue. 

11.  Norges  Geologinke  Uhdersdgelse, — The  following  are  recent 
pablications  from  the  Geological  Survey  of  Norway : 

No.  10.    Tagflkifere,  heller  og  vekstene;  af  AmuDd  Helland. 

No.  11.  Lagfolg^n  pd  Hardangeryidda  ogden  s4kaldte  '^  bdj^eldskrarta ;  ** 
af  W.  C.  Brogger. 

No.  12.    Merges  graoitindustri  af  Carl  C.  Ruber. 

No.  13.  Gausdal.  B^'eldbygningen  inden  rektangelkartet  Gausdals  omraade ; 
af  K.  O.  BJorlykke. 

No.  14.  Aarbog  for  1892  og  '93;  udgivefaf  Dr.  Hans  Reusch,  undersdgelsenf 
iMBtyrer. 

No.  15.  DuDderiandsdalens  jeramalmfelt  (i  Raaen,  Xordlaods  amt,  lidl  soDden- 
for  polarkredsen) ;  af  J.  H.  L.  Vogt. 

No.  16.    Jordbunden  i  Jarlsberg  og  Larriks  amt;  af  AmuDd  Helland. 

No.  17.     NiBsedalens  jerDoaalmforekomst  (i  Thelemarken);  af  J.  H.  L.  Yogt. 

12.  Eruptionsfolge  der  triadischen  Eruptivgesteine  bei  Predazzo 
in  Sadtyrol ;  von  W.  C.  Brogger.  (Vidensk.  Skrift.  i  Math, 
natnr.  Klasse,  Kristiania,  1895,  8°  183  pp.) — In  this  publication, 
which  is  part  two  of  the  series  (part  I,  Grorudit-Tinguait  Serie) 
by  Prof.  BrSgger  on  the  eruptive  rockH  of  south  Norway,  the 
nntlior  mentions  that  having  undertaken  an  expedition  into  South- 
ern Tyrol — a  region  classic  in  geological  history — for  purposes  of 
study  and  comparison,  he  has  been  led  to  publish  his  observations 
and  to  draw  some  general  conclusions  from  them. 

He  first  shows  that  •*  the  typical  rocks  of  Monzoni  and  Predazzo 
are  not  syenites,  nor  are  they  diorites  (or  diabases  or  gabbros)  but 
fiionzonitea.  They  form  a  well-characterized  and  particular  group 
of  rocks,  which  are  distinguished  by  the  fact  that  they  occupy  an 
intermediate  position  between  the  alkali-orthoclase  rocks  on  the 
one  hand  and  the  plagioclase  rocks,  rich  in  lime  and  poor  in  alkali, 
on  the  other.  The  monzonites  are  sharply  defined  onhoclase- 
plagioclase  rocks."  The  relations  are  shown  in  the  following 
table,  where  the  monzonite  group  is  inserted  between  the  alkali 
series  and  the  lime  series. 
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Orthodase  rocks. 


67-82 


Orthoclase-plagioclase. 
Monzonite  group. 


Plagiodaae  rocks. 


Granite. 


,67-73 


Acid  quartz  raon-  \%  SiO* 

zonite.  66-72 

(adamellite) 


63-66 


i 


50-62 


Quartz-Syenite. 
(Nordmarkite,     63-66 
etc.). 

Syenite. 

(Plauenite,  Laur- 

vikite,  etc.). 


Acid  quartz  dionte. 
(Tonalite.) 


Medium  acid 
quartz  monzonite.  63-65 
(Banatite.)        \ 


Medium  add  quarts 
diorite. 


49-62 


Monzonite,        48-62 


46-62 


Olivine-Monzoniie, 
etc. 


Diorite. 


44-53 


Qabbros, 
etc. 


Peripheral  portions  of  the  masses  at  Predazzo,  composed  of  pyrox- 
enites,  are  regarded  a;)  differentiation  products  in  place,  while 
dikes  of  camptonite  and  complementary  feldspathic  rocks  (lieb- 
nerite  poryhyry)  are  mentioned. 

The  order  of  saccessioii  of  the  various  magmas  at  Monzoni  and 
Predazzo  is  discussed  very  fully  and  in  connection  with  that  of  the 
rocks  of  South  Norway.  In  carrying  out  the  discussion  a  notable 
contribution  to  the  origin  of  granite  and  the  mechanics,  etc.,  of  lac- 
colith formation  is  added  with  illustrations  drawn  chiefly  from  the 
south  Norwegian  localities. 

The  author  believes  that  in  endeavoring  to  discover  the  law  of 
succession  of  eruptive  magmas  it  is  wrong  to  confound  the  abyssal 
and  effusive  rocks  together,  since  the  two  do  qot  of  necessity  cor- 
respond. '^  The  order  of  succession,  basic,  less  basic,  acid,  appears 
in  fact  with  abyssal  rocks  to  occur  so  commonly  that  we  mast 
regard  this  succession  as  the'  normal  one ;  the  sudden  recurrence 
to  basic  is  known  in  many  localities,  but  appears  just  as  often  u> 
be  lacking." 

A  very  thorough  digest  of  the  literature  is  given  and  it  can  be 
truly  said  that  in  the  light  of  the  new  petrology  the  author  has 
cleared  up  and  put  in  order  a  vast  mass  of  confused  and  often  con- 
tradictory information  about  this  well  known  locality  in  the  Tyrol 
Field  geologists  as  well  as  petrographers  will  find  the  work  replete 
with  fruitful  and  suggestive  ideas.  l.  v.  p. 

13.  Mica- Peridotitea  in  Bengal, — In  two  short  papers  by  Mr. 
T.  H.  Holland  (Records  Geol.  Surv.  India,  Vjol.  xxvii,  1894,  Pu 
4,  p.  139  seq.),  some  interesting  occurrences  of  mica-peridotites 
are  given ;  one  of  them,  which  contains  over  eleven  per  cent  of 
apatite,  appears  to  us  of  especial  interest  in  connection  with 
Vogt's  work  on  apatite  deposits  (Zeitschr.  ftlr  prakt.  Geol.,  Nov., 
Dec,  1895).  Several  varieties  of  these  rocks  are  described,  some 
of  which  break  up  through  coal-bearing  strata.  l.  v.  p. 

1 4.  Zusammenstellung  petrograph ischer  Untersuchungsme^h^jden 
nebst  Angabe  der  Literutur,  by  E.  Cohen.  3d  edition,  53  pp. 
Stuttgart,  1 896. — This  little  pamphlet,  which  contains  a  very  full 
bibliography  of  the  literature  pertaining  to  the  various  methods 
of  petrographic  investigation  and  discrimination  of  rock-forming 
minerals,  will  be  louiid  a  very  useful  addition  to  the  working 
library  of  every  mineralogist  and  petrographer.  l.  v.  p. 
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15.  Jadeite  from  TTiibet,  by  Majc  Baitbb,  Jahrb.  fdr  Min., 
1896,  i,  p.  85. — In  studying  some  specimens  of  jadeite  from  an 
nnknown  locality  in  Thibet,  Prof.  Bauer  has  made  the  very  inter- 
esting discovery  that  the  mineral  is  a  component  of  a  rock  com« 
posed  of  jadeite,  plagioclase  and  nephelite ;  at  times  the  jadeite 
predominates  to  the  extent  of  practically  supplanting  the  other 
components.  The  author  remarks  that  if  the  jadeite  at  this 
locality  is,  as  elsewhere,  a  member  of  the  family  of  crystalline 
schists,  then  we  have  here  an  entirely  new  method  for  the  occur* 
rence  of  nephelite,  until  now  restricted  to  eruptive  rocks. 

It  appears  to  us,  however,  that  this  interesting  occurrence  of 
nephelite  may  prove  to  be  of  great  importance  in  explaining  the 
origin  of  jadeite,  whose  significance  in  the  crystalline  schists  has 
never  been  understood,  and  it  may  also  furnish  one  explanation 
why,  among  all  the  varieties  of  metamorphosed  igneous  rocks 
occnrring  among  the  crystalline  schists,  those  containing  nephe- 
lite have  not  been  found.  l.  v.  p. 

16.-4  Dictionary  of  the  Names  of  Minerals  including  their 
History  and  Etymology ;  by  Albert  H.  Chbsteb.  320  pp., 
8vo.  New  York,  1896  (Wiley  <fe  Sons). — The  author  gives  in 
this  work,  to  which  it  is  evident  that  he  has  devoted  a  vast 
amount  of  careful,  patient  labor,  the  most  complete  history  of  the 
Dames  of  mineral  species  that  has  ever  been  attempted.  How 
fmitfal  his  efforts  have  been  will  be  appreciated  from  the  fact 
that  of  nearly  five  thousand  names  included,  full  information 
with  reference  to  th^  original  authority,  also  derivation  and  so  on, 
is  given  in  the  case  of  all  but  about  one  hundred  and  fifty.  This 
work  will  be  highly  valued  by  all  mineralogists  interested  in  the 
history  of  their  science,, and  will  be  useful  to  many  others,  includ- 
ing those  concerned  with  the  etymology  of  English  words  in 
general. 

17.  Mineralogie  de  la  France  et  de  ses  Colonies:  Description 
physique  et  chimique  des  Min^raux,  £cude  des  conditions  geolo- 
giques  de  leurs  gisemeuts ;  par  A.  Lacroix.  Tome  Premier  (2 
Partie)i  723  pages.  Paris,  1895  (Baudry  et  Cie.). — ^The  first  part 
of  Professor  Lacroix^s  important  work  was  noticed  nearly  three 
years  since  (vol.  xlvi,  p.  76),  and  its  originality  in  scope  and 
method  remarked  upon.  The  part  now  issued  concludes  the  first 
volume  and  carries  the  subject  on  from  the  micas  through  the 
pyroxenes  and  amphiboles.  All  interested  will  look  forward  with 
Interest  to  the  final  completion  of  the  entire  work. 

18.  Mineralogy ;  by  Frank  Rutley.  Eighth  edition,  revised 
and  corrected,  240  pp.  London,  1887  (Thomas  Murby). — This 
little  book  must  have  been  an  aid  to  many  in  acquiring  a  knowl- 
edge of  elementary  mineralogy,  for  since  its  first  appearance  it 
has  gone  through  numerous  revisions  and  the  eighth  edition  is 
now  given  to  the  public.  The  various  subjects  embraced  under 
general  mineralogy  are  treated  concisely  in  the  first  seventy  pages 
aod  the  remainder  of  the  book  is  given  to  the  description  of 
species. 
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19.  Determination  des  JFeldspaths  dans  les plaques  minces;  par 
A.  MiCBKL-LiiVT.  2d  taftc.,  pp.  71-108,  Pig.  ix-xxi,  (Baadryet 
Oie.)  Paris,  1696. — The  first  portion  of  t}ii8  work  which  has  been 
noticed  in  this  Journal  (vol.  xlviii,  p.  173,  1894)  has  already 
proved  of  great  service  to  mineralogists  and  petrographers,  and 
this  addition  will  also  be  found  extr«;me]y  useful.  A  new  addi- 
tional method  of  determination  for  the  plagioclase  series  is  intro- 
duoed,  depending  on  the  equal  illumination  (iclairement  eommun) 
of  zonal  bands.  To  it  is  added  a  resum6  of  the  optical  proper- 
ties of  microcline  accompanied  by  a  diagram.  i,.  v.  p. 

20.  AUgemeine  KrystaUbe^chreihung  auf  Grund  einer  verein- 
fachten  Methode  des  Krystallzeichnens  bearbeitet  und  mit  eioer 

Anleitung  zur  Anfertiguiig   der  Krystallnetze  und    Krystallmo- 
iielle  herausgegeben  von  Dr.  Aua.  Niks.     Mit  182  Originalzeich- 
dungen  im  Texte.     8vo.  176  pp.     Stuttgart,  1895.    (E.  Schweizer- 
bart'sche  Verlagsbuchhandlung — E.    Koch.) — The    aim    of  the 
author  in  this  volume  is  to  present  the  elements  of  descriptive  crys- 
tallography in  simple  form,  and  as  developed  by  means  of  a  nevr 
method  of  drawing  crystalline  forms  which,  as  he  states,  he  has  aned 
in  his  instruction  with  much  success  for  a  number  of  years.     This 
method  is  based  upon  the  determination  ol  the  angular  points  ot 
the  form,  projected  by  means  of  the  methods  of  analytical  geom- 
etry, these  being  plotted  upon  sheets  of  paper  ruled  in  squares 
of  4"'™  on  the  side.     The  simple  mathematical  relations  needed  are 
explained  and  instructions  given  for  the  application  of  the  method 
described.     The  symbols  of  Naumann  are  eniployed  throughout, 
only   modified  to  allow   of   the  designation  of  each   individual 
lace.     Numerous  figures  drawn  by  the  author's  method  showiu 
practical  application. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  On  the  Diurnal  Periodicity  of  Earthquakes ;  by  Charlbs 
Davison,  M.A.,  F.G.S.  (Abstract  received  from  the  author.)— 
Reference  is  made  to  the  previous  work  of  De  Montessus  and 

Omori,  the  former  endeavoring  to  show  that  the  diurnal  perio- 
dicity of  earthquakes  is  apparent  rather  than  real,  and  the  latter 
pointing  out  that  a  marked  diurnal  periodicity  characterizes  the 
after-shocks  of  great  earthquakes  in  Japan.  The  results  of 
twenty-six  registers  obtained  by  means  of  continuously  recording 
instruments  in  Japan,  the  Philippine  Islands,  and  Italy  are  sub- 
jected to  harmonic  analysis  with  the  following  conclusions : — 

(1)  The  reality  of  the  diurnal  variation  of  earthquake-frequency 
seems  to  be  proved  by  the  approximate  agreement  in  epoch  (mean 
local  time)  of  the  first  four  components  (24,  12,  8,  and  6  hours) 
for  the  whole  year  at  Tokio  and  Manila,  and  for  the  winter  ana 
summer  halves  of  the  year  at  Tokio. 

(2)  In  ordinary  earthquakes,  there  is  in  nearly  every  case  a 
marked  diurnal  period,  the  maximum  generally  occurring  betweeo 
10  A.  M.  and  noon.     Tlie  semi-diurnal  period,  though  lesspromi- 
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leot,  is  also  clearly  marked,  the  maximum  occurring  as  a  rule 
letween  9  a.  m.  and  noon  and  between  9  p.  m.  and  midnight. 
Hher  minor  harmonic  components  are  also  occasionally  important, 
he  first  maximum  of  the  eight-hour  component  probably  occur- 
ing  about  6.30  a.  m.,  and  that  of  the  six-hour  component  about 
t  or  4  A.  M. ;  but  for  these  two  epochs  the  results  are  not  always 
oncordant. 

(3)  Though  the  materials  are  insufficient  for  any  general  con- 
lasion,  the  weaker  shocks  seem  to  be  subject  to  a  more  marked 
liamal  periodicity. 

(4)  In  the  case  of  after-shocks  of  great  earthquakes,  the  diurnal 
«riodicity  is  as  a  rule  strongly  pronounced.  The  maximum  of 
he  diurnal  period  occurs  within  a  few  hours  after  midnight,  but 
he  epochs  of  the  other  components  are  subject  to  wide  variation, 
»06sibly  on  account  of  the  short  intervals  over  which  the  records 
xtend.  A  special  feature  of  after-shocks  is  the  prominence  of 
he  eight-hour  and  four-hour  components. 

The  epochs  of  the  first  four  components  representing  the  diurnal 
ariation  of  seismic  frequency  are  compared  in  several  cases  with 
hose  for  barometric  pressure  and  wind  velocity.  While  the 
ariation  of  the  former  cannot  be  attributed  exclusively  to  either 
f  the  latter  phenomena,  it  seems  not  improbable  that  the  diurnal 
•eriodicity  of  ordinary  earthquakes  may  be  due  chiefly  to  that  of 
^iod  velocity,  and  the  diurnal  periodicity  of  after-shocks  chiefly 
0  that  of  barometric  pressure. — Proc.  Roy.  Soc.^  London,  vol.  Ix. 

2.  Dransactions  of  the  American  Microscopical  Society; 
dited  by  the  Secretary.  Eighteenth  Annual  Meeting  held  at 
yornell  University,  Ithaca,  N.  Y.,  August  21,  22,  and  23,  1896. 
Volume  xvii,  376  pp.,  Bufialo,  1896  (The  Wenborne-Sumner  Co.). 
—This  volume  gives  a  iull  account  of  the  Eighteenth  Annual 
ieeting  of  the  American  Microscopical  Society  with  the  papers 
hen  read.  Among  these  may  be  noted  the  following,  all  of 
^hich  are  illustrated  by  plates  :  Some  modifications  of  stems  and 
cots  for  purposes  of  respiration,  by  H.  Schrenk ;  The  lateral 
ioe  system  of  sense  organs  in  some  American  Amphibia  and 
omparison  with  Dipnoans,  and  On  the  Spermatheca  and  methods 
f  fertilization  in  some  American  newts  and  salamanders,  by  Dr. 
\,  F.  Kingsbury ;  Comparative  Morphology  of  the  brain  of  the 
oft-shelled  Turtle  and  the  English  Sparrow,  by  Susanna  P.  Gage. 
?he  next  meeting  of  the  Society  will  be  held  at  Pittsburg,  Pa., 
August  18  and  20,  1896. 

3.  Handbook  of  Arctic  Discoveries^  by  A.  W.  Greblt,  267 
(p.,  l2mo.  Boston,  1895  (Roberts  Brothers,  Columbian  Knowl- 
dge  Series,  No.  3). — The  interest  and  value  of  this  little  vol- 
me  are  quite  out  of  proportion  to  its  size.  It  deals  with  a 
abject  which  has  not  only  the  highest  interest  from  the  scientific 
ide,  but  which  perhaps  more  than  any  other  tends  to  excite  the 
nagination  of  the  general  public.  Notwithstanding  its  brevity 
;  gives  a  well-digested  and  very  readable  account  of  Arctic  ex- 
•lorations  from  the  earliest  times.     Its  interest  is  increased  in  no 
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small  degree  from  the  fact  that  it  has  been  prepared  by  an  author 
who  has  himself  a  thorough  acquaintance  with  the  Arctic  and 
whose  own  exploits  in  this  field  will  never  cease  to  excite  admira- 
tion. 

4.  James  Clerk  Maxwell  and  Modern  Physics;  by  R.  T. 
Glazebbook,  F.R.S.,  224  pp.  12mo.  New  York,  1896  (MacmillaD 
&  Co. — The  Century  Science  Series). — Modern  physics  owes  to 
Maxwell  perhaps  more  than  to  any  other  of  recent  physicists,  for 
his  keen  insight  into  the  scientific  problems  in  which  he  was 
interested  gave  a  rare  value  and  originality  to  all  that  be  wrote. 
His  Treatise  on  Electricity  and  Magnetism  has  been  before  the 
public  for  many  years,  but  no  one  would  venture  to  say  that  ihifl 
mine  has  been  exhausted.  The  present  volume  is  written  by  a 
physicist  well  fitted  to  deal  with  a  subject  of  more  than  asaal 
difficulty  and  no  one  interested  in  the  recent  progress  in  physics, 
or  in  the  personality  5f  those  to  whom  thb  progress  is  due,  can 
fail  to  be  profited  by  its  perusal. 

5.  North  American  Birds^  by  H.  Nehrling,  Part  XIII,  pp. 
193-240,  Milwaukee,  Wis.  (Geo.  Brumder). — The  thirteenth  part 
of  this  interesting  and  handsomely  illustrated  work  has  appeared 
recently. 

6.  Ostwald^s  Klassiker  der  exacten  Wissenschaften^  (Wm. 
Engelmann,  Leipzig). — The  latest  additions  to  Ostwald's  valuable 
series  of  classic  scientific  memoirs  are  the  following  : 

No.  67.  Entwurf  einer  Theorieder  Aberschen  Transcendenteii  Erster  Ordnuog^ 
von  Dr.  A.  Gopel  (1847). 

No.  68.  Das  natUrliche  System  der  chemischen  Elemente.  Abhandlungen  toq 
Lothar  Meyer  (1864-1869)  und  D.  Mendelejeff  (1869-1871). 

No.  69.  Ueber  Faraday's  KraftlinieD,  von  James  Clerk  Maxwell  (1855-1856). 

No.  70.  Magnetische  Polarization  der  Metalle  und  Erze  durch  Temperatui- 
differenz,  von  Th.  J.  Soebeck  (1822.1823). 

No.  71.  Untersuchungen  iiber  die  Reihe  1+  -a!4-    ~,— «    -  .  z*  +  .  .  .  voo 

N.H.  Abel  (1826). 

Nr.  72.  Chemische  Analyse  durch  Spectralbeobachtungen,  von  G.  KiacHHorr 
und  R.  BuNSEN.     (1860.)     74  pages. 

Nr.  73.  Zwei  Abhandlungen  iiber  Spharische  Trigonometne,  von  LioyHABD 
EuLEB.     (1753  und  1779.)     65  pages. 

Nr.  74.  Untersuchungen  iiber  die  Gesetz  der  Yerwandschaft,  von  Clacdb  Louffl 
Bbrthollet.     (1801.)     113  pages. 

Nr.  75.  Abhandlung  iiber  die  Herleitung  aller  Krystallographischer  Syiteme 
mit  ihren  Uuterabtheilungen  aus  elnem  einzigen  Prinzipe,  von  Axel  (tAJWUH. 
(1867.)     92  pages. 


The  Origin  and  History  of  Contract  in  Roman  Law  down  to  the  end  of  the 
Republican  Period.  (Being  the  Yorke  Prize  Essay  for  1893.)  By  W.  H.  BUCKLIK. 
London :   1895.  228  pages  (C.  J.  Clay  A  Sons). 

Elements  of  Botany  ;  by  J.  Y.  Bergen.  57  pp.  12mo.  Boston  and  LondoUt 
1896  (Ginn  k  Company). 

Las  Rocas  Eruptivas  del  Suroeste  de  la  cuenca  de  Mexico,  par  Ezbquikl. 
Ordo.^ez.     (Boletin  d.  Inst.  Geol.  d.  Mexico,  Num.  2),  pp.  1-46.     Mexico,  1895. 


THE 


AMERICANJOURNAL  OF  SCIENCE 


[FOURTH   SERIES.] 


-*^^ 


Abt.  XLVII.— On  the  Colpr  Helations  of  Atoma^  Ions  and 
Molecides;  by  M.  Carey  Lea.    Part  IL 

L  Interaction  of  Ions, 

If  a  colored  snbstance  be  formed  by  the  union  of  a  color- 
less kation  with  a  colorless  anion,  the  color  belong  to  the 
molecnle  only.  The  colorless  ions  have  so  modified  each 
others'  vibration  periods  that  selective  absorption  is  exercised. 
As  soon,  therefore,  as  the  molecule  is  divided  into  ions  the 
color  most  disappear.  Consequently  if  we  find  a  solvent 
which,  like  water,  is  capable  of  separating  the  ions,  the  result- 
ing solution  when  dilute  must  be  colorless,  no  matter  how 
intense  the  color  of  the  compound. 

The  truth  of  this  law  of  interaction  has  been  tested  experi- 
mentally in  a  considerable  number  of  cases.  The  results, 
which  were  found  to  be  without  exception  confirmatory,  are 
given  below. 

Alkaline  metals. — These  form  comparatively  few  colored 
products,  soluble  in  water,  by  uniting  with  colorless  atoms. 
Well  marked  instances  are,  however,  found  in  the  monosul- 
phides. 

Potoftsium  bulphide^  K^S,  is  in  the  solid  form  cinnabar-red. 
It  dissolves  in  water  to  a  colorless  solution.*  The  sodium  salt 
acts  similarly.  As  to  the  alkaline  selenides  and  tellurides,  their 
tendency  to  form  poly-salts  is  so  great  that  it  is  not  possible  to 
judge  of  the  color  snown  by  mono-salts  in  solution.  It  is  of 
interest,  however,  thai;  hydrogen  selenide  and  probably  also  the 

'^Oi^aham  Otto,  6th  6«r.  ^d.,  voL  iii,  p.  240.  The  reactions  here  described  have 
been  either  found  or  verified  bj  the  writer  except  in  a  few  instances,  and  in  these, 
as  in  the  present  case,  the  authority  on  i^hichthey  are  stated  is  given. 

•  •  ■ .      " 
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tellaride  are  colorless ;  also  the  oxy^n  acids  of  both  are  color- 
less. There  is  little  doubt,  therefore,  that  seleninm  and  td- 
luriam,  like  sulphur,  have  colorless  ions. 

Me7*curic  iodide  affords  an  excellent  illustration  of  the  prin- 
ciple stated  owing  to  the  large  variety  of  solvents  for  it 

In  hot  ethylic  alcohol  it  dissolves  easily.  Solution  absolutely 
colorless,  gives  a  cloud  when  poured  into  water  which  settles 
to  a  red  powder. 

Methylic  alcohol  acts  similarly. 

In  solution  of  calcium  chloride,  especially  if  hot,  dissolves 
easily.     Less  easily  in  barium  chloride. 

In  solution  of  potassium  and  sodium  chlorides  dissolves 
sparingly.     All  these  solutions  are  colorless. 

In  solutions  of  potassium  bromide  and  of  iodide  it  dissolves 
abundantly.  Strong  solutions  have  a  yellowish  color  but 
become  colorless  by  moderate  dilution.  These  two  salt  eola- 
tions dissolve  mercuric  iodide  freely  in  the  cold ;  the  other  sol- 
vents need  heat. 

In  cold  solution  of  mercuric  nitrate,  it  dissolves  easily  to  a 
colorless  solution.  In  solution  of  mercaric  chloride  it  is  some- 
what soluble  ;  the  solution  is  colorless. 

In  glycerine  it  dissolves  pretty  well  with  the  aid  of  heat  and 
does  not  communicate  a  trace  of  color. 

Mercuric  arsenite  is  bluish  gray.  It  is  slightly  soluble  in 
solution  of  sodium  arsenite.     The  solution  is  colorless. 

Mercuric  arsenate  is  pale  yellow.  It  dissolves  in  a  solution 
of  mercuric  nitrate  and  also  in  one  of  sodium  pyrophosphate; 
both  solutions  are  colorlesa 

The  black  heavy  metallic  sulphides  are  very  difficult  sub- 
stances to  bring  into  solution,  but  it  seems  that  when  this  can 
be  done  the  solution  is  colorless  when  the  ions  are  colorless. 
This  can  be  shown  to  be  the  case  with  mercuric  sulphide  and 
with  antimony  tri-sulphide.  According  to  Weber,*  when  mer- 
curic chloride  is  precipitated  with  an  excess  of  ammouiam 
sulphide  the  precipitate  dissolves  in  potash  to  a  colorless  solu- 
tion. 

Silver  oxid  is  slightly  soluble  in  water.  Bein^;  very  deeply 
colored,  it  would  seem  natural  that  its  solution  should  showtnis 
color.  But  the  solution  is  absolutely  colorless.  This  is  because 
the  silver  ion  is  colorless.  Metallic  oxids  having  colored  ioos 
carry  that  color  into  their  solutions,  as  is  seen  in  the  case  of 
cupric  oxid  in  alkaline  solutions  and  in  soluble  forms  of  ferric 
oxid. 

Silver  araenite  is  lemon  yellow ;  it  is  abundantly  soluble  in 
ammonia  water  and  in  mercuric  nitrate.  Both  solutions  are 
colorless. 

*Cf.  Gmelin-Kraut,  iv,  page  851. 
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Silver  arsenate. — Chocolate  color;  dissolves  in  the  same 
solvents  as  the  last  and  also  gives  colorless  solutions. 

Silver  phosphate. — Triargentic  phosphate  dissolves  with 
facility  in  nitric  acid^  in  ammonia  water  and  in  mercaric 
nitrate.     All  three  solutions  are  colorless. 

CujpTous  svlphite.* — Red ;  dissolves  in  ammonia  water  and 
in  dilute  hydrochloric  acid,  giving  colorless  solutions. 

Stannic  sulphide  precipitated, — Ochre  yellow,  dissolves  in 
warm  potash  or  soda  solution ;  the  resulting  solution  is  nearly 
colorless. 

It  also  dissolves  in  potassium  sulpharsenite  to  a  colorless 
solution. 

Red  antimony  pentasidphide  dissolves  in  alkaline  mono- 
sulphides  ;  solutions  colorless. 

Orpiment  (As,S,)  dissolves  easily  in  warm  potash  or  soda 
solutions ;  colorless. 

II.   Combinations  of  Ions, 

Ions  may  combine.  A.  Two  or  more  similar  colorless  ions 
may  unite  to  form  a  colored  elementary  molecule. 

The  ions  of  iodine  and  bromine  are  colorless  as  shown  in 
solutions  of  HBr  and  KBr,  HI  and  KI.  The  molecules  are 
strongly  colored.  The  ions  of  lead  are  colorless,  as  shown  in 
solutions  of  lead  nitrate  or  acetate.  The  molecule  (or  the 
polymer)  of  lead  is  blue.  The  ion  of  sulphur  is  colorless — 
water  is  not  colored  when  saturated  with  sulphydric  acid.  The 
oxygen  acids  of  sulphur  are  colorless,  fiut  the  molecule  is 
yeuow.  Selenium  has  a  colorless  ion,  but  a  strongly  colored 
molecule.     Colorless  cuprous  ions  unite  to  form  red  copper. 

B.  Two  or  more  similar  ions,  colored,  may  unite  to  form  a 
colorless  (or  white)  molecule  or  polymer.  The  ion  of  platinum 
is  yellow  in  Pt*^,  red  in  Pt" ;  in  each  case  the  ions  unite  to 
form  white  platinum.  The  nickel  ion  is  green ;  these  unite  to 
form  white  metallic  nickel. 

C.  Two  or  more  similar  ions,  colored,  may  unite  to  form  a 
molecule  of  a  wholly  different  color.  Blue  copper  ions  may 
unite  to  form  red  copper. 

D.  Two  or  more  dissimilar  colorless  ions  may  unite  to  form 
a  colored  molecule.  Sulphur  and  nitrogen  unite  to  form 
orange-colored  nitrogen  sulphide.  Sulphur  and  silver  to  form 
blacK  silver  sulphide. 

It  is  an  interesting  fact,  and  one  I  believe  that  has  not  been 

Previously  noticed,  that  no  ion  and,  therefore,  no  atom,  is  black, 
ut  is  always  transparent  to  some  portion  or  portions  of  the 
visible  rays.     In  this  respect  atoms  and  ions  aiffer  absolutely 

*  Gmelin  Handbook,  Ger.  ed.,  ir,  p.  622. 
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from  molecules.  For  theee  last  are  often  black,  and  this  may 
be  the  case  even  with  elements,  as  for  example,  iodine  in  the 
solid  form,  platinum  black,  etc.  The^  absolute  difference 
between  atoms  and  molecules,  the  entire  absence  of  color  rela- 
tion between  them,  was  mentioned  in  the  first  part  of  this 
paper ;  it  must  always  be  one  of  the  most  remarkable  facts  in 
chemistry. 

The  production  of  a  black  molecule  in  no  way  depends 
upon  the  combination  of  two  or  more  atoms  having  dinerent 
relations  to  light,  such  that  one  should  extinguish  the  rays 
which  the  other  or  others  allow  to  pass.  This  might  alm<^t  be 
expected,  but  is  far  from  being  the  case.  Two  colorless  atoms 
may  unite  to  form  a  black  molecule,  as  in  the  cases  just  mcD- 
tioned. 

It  seems  scarcely  necessary  to  say  that  these  remarks  relate 
to  inorganic  molecules  only.  For  in  ors^nic  molecules,  chem- 
ical composition  has  little  influence,  isomeric  combinations 
exhibit  tne  greatest  differences,  and  their  spectra  show  little 
relation  to  those  of  their  elements.* 

With  organic  compounds,  which  are  formed  almost  exclu- 
sively of  colorless  atoms,  it  is  always  the  color  of  the  molecnle 
that  is  important.  With  inorganic  compounds  the  reverse  is 
the  case,  we  have  much  less  to  learn  irom  the  color  of  the 
molecule;  that  of  the  atom  is  all  important.  One  and  the 
same  molecule  may  present  various  colors,  absolutely  unlike 
each  other.  Phosphorus  and  sulphur  may  be  black,  red  or 
yellow.  Gold  is  yellow  by  reflected,  blue  or  green  by  trans- 
mitted light,  and  may  be  red  when  in  a  state  of  fine  division. 
Who  shall  say  in  either  case  which  of  these  colors  is  character- 
istic ?  With  the  ion,  and  therefore  with  the  atom,  at  any  given 
valency,  there  is  no  such  ambiguity.  Its  color,  its  absorption 
spectrum,  are  invariable ;  these  are  always  highly  characteristic. 

III.  Acid  Indicators  ;  Tlieory  of  their  JReactiona. 

Acid  indicators  are  such  as  show  a  striking  change  by  the 
addition  of  an  alkaline  solution,  either  from  one  color  to 
another,  or  from  a  colorless  to  a  strongly  colored  solution. 
They  may  be  considered  as  of  the  nature  of  weak  acids.  Tbeir 
reactions  have  been  explainedf  in  this  way,  that  the  radical  has 
as  an  ion  a  color  different  from  that  which  it  has  in  the  undis- 
sociated  compound. 

This  explanation  is  unsatisfactory,  for  two  reasons : 
Ist.  It  makes  the  color  of  an  acid  indicator  in  presence  of 
an  alkali  depend  on  dissociation.     But  it  can  be  shown  that 

♦Ostwald,  Lehrbuch,  2d  Ger.ocL,  i,  472. 
flbid.,  800. 
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such  a  colored  solution  may  be  evaporated  to  dryness  and  thor- 
oughly desiccated  at  100°  without  losing  anything  of  the 
intensity  of  its  color.  That  is,  the  color  persists  under  condi- 
tions in  which  dissociation  is  impossible. 

2d.  It  makes  the  color  or  absence  of  color,  as  the  case  may 
be,  of  the  solution  of  the  acid  indicator  when  isolated  depend 
upon  the  absence  of  dissociation.  But  it  is  a  familiar  fact  that 
by  sufficient  dilution  even  the  weakest  acids  are  largely  or  even 
completely  dissociated.* 

Let  us  take  litmus  for  example.  This  is  a  weak  acid  red  dye- 
stuff  which  in  contact  with  an  alkali  becomes  blue.  According 
to  the  explanation  here  criticized,  isolated  red  litmus  has  a  blue 
ion  whicn  does  not  appear  in  solution  because  not  dissociated. 
But  it  is  certain  that  with  sufficient  dilution  it  must  be  disso- 
ciated, and  according  to  this  explanation  it  should  then  turn 
blue.  Whereas  red  litmus  remains  red  with  any  amount  of  dilu- 
tion so  long  as  any  trace  of  color  is  left. 

Again  it  is  said  that  bine  litmus  owes  its  blue  color  to  disso- 
ciation. But  the  blue  solution  may  be  evaporated  and  desic- 
cated at  100°  without  losing  its  blue  color.  The  color  is, 
therefore,  not  d/ae  to  dissociation. 

With  these  complex  and  faintly  acid  organic  substances  it 
seems  probable  that  some  change  in  their  constitution  takes 
place  m  the  presence  of  an  alkali,  such  that  the  anion  that 
separates  from  the  dilute  solution  of  the  isolated  substance  is 
not  the  same  as  that  which  separates  from  the  alkaline  combi- 
nation. That  is  to  say,  the  anion  which  separates  from  red  lit- 
mus is  not  absolutely  the  same  as  that  which  separates  from 
blue.  Only  in  this  way  can  the  various  reactions  of  acid  indi- 
cators be  satisfactorily  explained.  The  reactions  of  these  sub- 
stances have  not  been  studied  with  sufficient  accuracy  to  indi- 
cate exactly  what  is  the  change  that  takes  place  in  the  presence 
of  an  alkali.  It  may  be  either  a  re-arrangement  of  some  of 
the  atoms  or  it  may  depend  on  the  taking  up  of  one  or  more 
molecules  of  water. 

When  an  alcoholic  solution  of  phenolphtlialeine  is  dropped 
into  much  water,  the  resulting  solution  cannot  be  distinguished 
from  pure  water  by  its  color.  The  addition  of  a  trace  of 
potash  brings  it  to  a  deep  rose  red.  Phenolphtlialeine  acts  as 
a  very  weax  acid ;  its  very  dilute  solution  must,  therefore,  be 
dissociated,  and  the  colorless  anion  of  the  isolated  substance 
must  differ  from  the  colored  anion  which  separates  from  the 
potash  compound.  Also,  a  solution  of  the  potash  compound  so 
dilute  as  to  leave  a  transparent  film,  has  been  evaporated  and 
then  desiccated  for  many  hours  at  100°,  the  color  of  the  solu- 

*  AU  their  molecules  become  active,  Ostwald,  Lehrb.,  2d  G.  ed.,  ii,  653 ;  Nernst, 
Theoret.  Gh.,  440. 
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tion  still  fully  remaining  in  the  dry  product.  Now  the  potash 
compound  of  phenolphthaleine  is  Known  to  be  anhydrons. 
Anhydrous  substances  thoroughly  desiccated  cannot  be  in  a 
dissociated  state  and,  therefore,  the  rose  red-color  of  the  potash 
compound  is  not  due  to  dissociation. 

Further,  if  to  the  potash  solution  a  solution  of  a  silver  salt 
is  added  there  is  formed  a  silver  compound  having  the  same 
constitution  as  that  of  the  potassium  compound.  This  silver 
compound  is  anhydrous  and  insoluble,  nevertheless  it  has  the 
same  color  as  the  potassium  compound  under  conditions  which 
make  dissociation  to  be  out  of  the  question. 

Paranitrophenol. — This  is  another  acid  indicator.  In  a  solid 
state  it  is  nearly  colorless ;  it  dissolves  in  warm  water  to  a 
nearly  colorless  solution  which  on  the  addition  of  an  alkali 
becomes  gold-yellow.  A  portion  of  this  solution  evaporated 
so  as  to  leave  a  thin  iilm  exhibits  the  same  intensity  of  color  as 
the  solution,  which  color  it  retains  after  thorough  desiccation. 
The  color  of  the  solution  is,  therefore,  not  due  to  dissociation. 
The  solution  of  the  substance  itself  when  largely  diluted  gives 
no  indication  of  the  dissociation  of  a  colored  ion.  The  be- 
havior of  phenacetoline,  another  acid  indicator,  is  analogous. 

It  seems,  therefore,  that  dissociation  has  no  essential  connec- 
tion with  the  reactions  of  acid  indicators.  It  is  simply  that 
these  substances  by  combining  with  alkalies  either  have  their 
color  much  intensified  or  in  some  cases  change  it  altogether. 

Such  changes  are  not  in  any  way  confined  to  acid  indicators 
so-called.  Picric  acid  in  combining  with  alkalies  has  its  color 
much  intensified  ;  the  acid  itself  has  a  pale  yellow  color ;  the 
sodium  salt  (dry)  has  a  pure  deep  yellow  color.  Chrysammic 
acid  affords  an  example  of  a  complete  change  of  color;  the 
acid  itself  is  yellow,  the  potash  salt  a  deep  blood  red,  not  only 
in  solution  but  in  the  dry  state  so  that  its  color  cannot  be  due 
to  dissociation.  It  may  be  remarked  also  that  the  potash  salt 
in  its  dry  state  has  remarkable  optical  properties  which  were 
investigated  by  Brewster,  properties  not  possessed  by  the  acid. 

To  the  reactions  which  have  been  here  examined  might  be 
added  those  of  methyl  orapge,  rosolic  acid,  and  other  acid 
indicators.  I  have  found  no  exception  to  the  rule  that  the 
characteristic  colors  exhibited  by  these  substances  when  placed 
in  contact  with  alkalies,  are  retained  after  a  thorough  desicca- 
tion. Also,  no  acid  indicator  when  dissociated  by  a  large  dilu- 
tion shows  any  tendency  to  exhibit  an  anion  similar  in  color  to 
that  of  its  alkaline  compound. 
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IV.   Clas8tJieationy  continued  from  Part  Z* 

ldj  attempted  classification  of  the  elements  is  necessarily 
jeeted  to  a  severe  test  through  later  discoveries.  If  the 
^fication  is  in  complete  accordance  with  nature,  it  must 
r  suitable  places  for  such  new  elements  as  may  present 
nselves  later.  If  it  does  not  do  this,  it  must  be  more  or 
artificial. 

[endel^ef  s  remarkable  predictions  and  the  fact  that  the  ele- 
its  next  discovered  found  places  marked  out  for  them  in 
ance,  caused  his  periodic  law  to  be  received  with  enthusiasm, 

0  happened  that  these  new  elements  missed  the  weak  por- 
8  of  the  system.     This  is  now  much  changed.     Within  the 

year  or  two,  several  new  elements  have  been  discovered 
which  the  periodic  law  affords  absolutely  no  place, 
i'his  appears  to  be  admitted  by  Mendel^ef.  In  an  artidef 
contends  that  argon  must  be  polymerized  nitrogen  and  after 
[nining  the  possible  forms  that  nitrogen  might  take,  he 
ides  in  favor  of  N,. 

»nt  Berthelot  succeeded  in  combining  argon  with  carbon 
ilphide  or  with  its  elements,  and  from  this  compound  he  has 
n  able  to  regenerate  argon  with  all  its  characteristic  proper- 
.  This  Berthelot  justly  calls  a  capital  fact.  It  is  scarcely 
sssary  to  say  that  it  is  quite  fatal  to  the  theory  of  polyme- 
tion  just  mentioned. 

'he  impossibility  of  finding  a  place  for  argon  in  the  periodic 
em  will  become  evident  from  the  following  considerations, 
ts  atomic  weight  should  prove  to  be  19'9  its  place  will 
Bssarily  be  between  fluorine  and  sodium.  Introduced  into 
periodic  system,  it  would  take  its  place  at  the  head  of  the 

1  group.     It  is  to  be  remarked  that  in  the  periodic  system 
iron  group   is  a  somewhat  singular  one.      It  does  not 

nde  any  of  the  metals  which  we  commonly  associate  with 
I,  cobalt  and  nickel,  chromium  and  manganese.  Instead  of 
je,  iron  is  made  to  form  a  group  with  ruthenium  and 
lium,  so  that  if  argon  should  enter  in  the  periodic  system 
b  the  atomic  weight  of  19*9  it  would  form  the  head  of  a 
op  consisting  of  argon,  iron,  ruthenium  and  osmium.  Or 
3ne  consisting  of  A,  Co,  Eh,  and  Ir.  Or  of  another, 
ally  anomalous.  A,  Ni,  Pd,  and  Pt. 

5ut  argon  may  prove  to  have  for  its  atomic  weight  the  num- 
39*8.     For  such  an  element  there  is  absolutely  no  place  in 

[n  the  first  part  of  this  paper  (this  Jouraal,  May,  1895)  Id  the  table  at  page 
by  a  vexatious  mistake  of  the  printer,  the  groups  have  been  dislocated  so  that 
leries  is  do  longer  in  numerical  order,  thus  wholly  destroying  the  sense  of  the 
>.  On  page  36  L  the  order  is  correct  and  the  table  has  been  correctly  printed 
e  German  translation  which  appeared  in  the  Zeitschrlft  fur  Anorg.  Chemie. 
Reprinted  in  the  Chemical  News  for  July  12th,  1895. 
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any  periodic  system.  The  position  required  is  already  occupied 
by  calcium  and  a  place  cannot  be  made  without  dislocating  aU 
the  following  groups,  a  strong  argument  in  favor  of  the  lower 
figure. 

Helium  with  an  atomic  weight  of  probably  4  offers  equally 
great  diflSculties.  As  the  old  periodic  system  excludes  hydro- 
gen and  commences  with  lithium  with  an  atomic  weight  of  7^ 
any  element  having  an  atomic  weight  less  than  7  is,  liEe  hydro- 
gen, entirely  outside  of  a  system  which  does  not  recognize  the 
existence  oi  such  elements. 

In  the  svstem  which  I  have  proposed,  helium,  argon  with  the 
atomic  Weight  of  19'9,  and  their  congeners  would  constitute  a 
group  of  their  own,  taking  position  between  the  hydrogen 
group  and  the  lithium  group. 

In  the  first  part  of  this  paper  I  endeavored  to  show  that  the 
relations  of  atoms  to  the  visual  rays  of  the  spectrum  might  be 
made  the  basis  of  a  classification  of  the  elements  competed  of 
these  atoms  and  that  such  a  classification  harmonized  extremely 
well  with  the  known  properties  of  the  elements.  Not  that 
the  particular  color  exhibited  by  an  atom  has  for  this  purpose 
any  importance ;  the  question  is  simply  whether  color  is  present 
or  absent.  In  other  words,  we  have  to  inquire  whether  a  given 
atom  does  or  does  not  exercise  selective  absorption  amongst  the 
visual  rays.  It  was  there  shown  that  the  atoms  of  all  the  ele- 
ments having  atomic  weights  below  48  did  not  exhibit  selec- 
tive absorption.  After  these  came  two  elements  which  I  call 
transitional  because  at  some  valencies  their  atoms  exhibit  selec- 
tive absorption  and  at  others  do  not.  Next,  elements  whose 
atoms  at  all  valencies  exhibit  selective  absorption.  Next  came 
a  transitional  element  and  then  more  elements  having  colorless 
atoms,  and  so  on  through  the  entire  series  of  elements  arranged 
in  the  numerical  order  of  theiratoraic  weights. 

It  is  even  probable  that  the  distinction  so  established  between 
these  three  classes  of  elements  may  eventually  prove  to  have  a 
far-reaching  significance  and  that  those  elements  whose  atoms 
always  exercise  selective  absorption  may  prove  to  be  differently 
constituted  in  some  important  way  from  those  whose  atoms 
always  allow  free  passage  to  all  the  visual  rays. 

About  the  same  time  that  the  first  part  of  this  paper 
appeared,  Julius  Thomsen  proposed  another  and  a  different 
system  of  classification,*  to  which  later  he  added  a  supplementf 
in  reference  to  my  paper  with  the  object  of  showing  that  the 
elements  which  I  had  indicated  as  possessing  colored  ions  were 

♦  Zeits.  fur  Anor.,  Ch.  ix,  192.  f  IWd.,  x,  165. 
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onnd  to  oome  together  and  to  occupy  certain  distinct  positions 
D  bis  series.  Tnis  perhaps  may  be  taken  as  additional  proof 
►f  the  conformity  of  the  system  which  I  have  proposed  to  the 
ssential  characters  of  the  elements. 

A  few  weeks  after  the  first  part  of  this  paper  was  read  before 
he  National  Academy  (April,  1895),  M.  Lecoq  de  Boisbandran 
)rought  before  the  French  Academy  a  note  on  the  subject  of 
he  relations  of  the  elements.*  At  page  1100  the  elements  to 
irhich  his  system  of  nodes  and  decrements  appliies,  are  tabu- 
ated.  They  are  thirty-one  in  number,  with  three  additional 
dements  somewhat  widely  separated  from  the  rest.  I  observe 
hat  all  these  thirty-one  elements,  without  an  exception,  belong 
o  ray  first  division  and  have  atoms  that  are  colorless  at  afl 
ralencies.  The  three  additional  elements  belong  to  the  transi- 
iional  class.  The  elements  of  the  third  division,  that  is,  having 
itoms  colored  at  all  valencies,  find  no  place  in  his  classification. 
The  chances  are  enormously  against  this  happening  fortuitously. 
The  indications  from  both  this  and  Thomsen's  classification  are, 
herefore,  confirmatory  of  the  principle  I  have  endeavored  to 
establish,  that  is,  that  the  presence  or  absence  of  specific 
bsorption  of  a  certain  range  of  rays  is  a  function  of  the  atomic 
veight  and  is  closely  related  to  the  constitution  of  the  elements. 


In  considering  the  theory  of  ionic  dissociation  it  is  necessary 
o  bear  in  mind  that  no  rigorous  proof  has  ever  beeIl^  found  for 
t.  It  remains,  therefore,  a  theory  only,  a  fascinating  theory 
>ecause  it  affords  beautiful  explanations  of  phenomena  which 
otherwise  have  none. 

There  is,  however,  an  important  difficulty  connected  with 
his  theory.  The  dissociated  ions  are  often  spoken  of  as  "  free 
Ons,"  which  in  the  absence  of  exterior  electrical  agencies, 
tatic  or  dynamic,  they  do  not  appear*  to  be.  It  is  certain  that 
ifter  dissociation  the  ions  continue  in  some  way  to  influence 
md  control  each  other.  This  fact  appears  in  a  great  number 
rf  reactions,  of  which  the  following  familiar  one  may  be  taken 
IS  typical. 

If  to  a  dilute  solution  of  ferrous  chloride  we  add  dilute 
lydrochloric  acid  in  excess,  completely  excluding  the  air,  there 
vill  be  a  considerable  dissociation  and  the  ferrous  ions  will  be 
n  presence  of  more  than  enough  chlorine  ions,  if  these  were 
'reej  to  cause  at  least  some  portion  of  the  ferrous  ions  to 
icquire  additional  valency  and  become  ferric  ions.  No  change 
)f  the  sort  can  be  detected.  The  chlorine  ions  which  would 
)ring  about  this  change  are  held  in  check  by  the  hydrogen 

*  0.  R.,  cxx,  20  (May  20th,  1896). 
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ions  with  which  they  were  'previously  combined.  That  this  is 
true  is  shown  by  removing  the  hydrogen  ions,  which  is  easily 
done  by  the  addition  of  nitric  acid.  Thereapon  those  chlorine 
ions  wnich  were  previously  influenced  by,  and  influenced,  the 
hydrogen  ions,  now  influence  the  ferrous  ions,  converting  them 
to  ferric  ions. 

The  facts  of  osmosis  seem  to  indicate  that  dissociated  ioii£ 
aYe  mechanically  free,  inasmuch  as  the  total  number  of  mole- 
cules appears  to  be  increased.  But  the  above  reaction,  which  is 
one  of  a  great  number,  shows  that  in  a  chemical  sense  they 
cannot  be  considered  as  free. 

Those  who,  like  Ostwald,  on  the  contrary  hold  that  dissoci- 
ated ions  are  perfectly  free*  would  perhaps  explain  the  above 
reaction  by  the  asserted  principle  that  plurivalent  ions  have  a 
tendency  to  lose  a  portion  oi  their  valency.f  One  of  the 
,  examples  given  (p.  796)  is  that  of  the  trivalent  iron  ion,  which 
by  reason  of  its  tendency  to  lose  valency,  may  act  as  an  oxidiz- 
ing agent. 

This  reasoning  does  not  seem  to  be  sound.  Whatever  may 
be  the  tendency  of  the  ferric  ion  to  lose  valency,  the  tendency 
of  the  ferrous  ion  to  gain  it  is  still  stronger,  so  that  ferrous 
chloride  acts  as  a  powerful  reducing  agent  by  reason  of  the 
strong  tendency  of  the  ferrous  ion  to  acquire  additional 
valency.  This  tendency  of  the  ferrous  ion  shows  itself  in 
other  ferrous  salts  and  a  similar  tendency  is  exhibited  by 
cuprous  and  stannous  salts.  In  fact  it  may  be  said  that  moet 
of  our  powerful  reducing  agents  owe  their  activity  to  the  ten- 
dency of  ions  to  acquire  additional  valency;  conseqnently  it 
cannot  be  admitted  that  an  opposite  tendency  prevails.  And 
when  in  the  above  mentioned  reaction  we  find  that  ferrons 
chloride  in  dilute  solution  with  hydrochloric  acid  does  not  take 
np  additional  chlorine  ions  actually  present  in  spite  of  its 
strong  tendency  that  waj,  we  are  compelled  to  believe  that  the 
chlorine  ions  of  the  hydrochloric  acid,  though  mechanically  dis- 
sociated, are  still  held  in  check  by,  and  hold  in  check,  the 
hydrogen  ions. 

In  this  connection  I  may  refer  to  some  interesting  remarks 
made  by  Professor  Fitzgerald  in  his  recent  Helmholtz  Memo- 
rial Lecture,  reported  in  Nature  (January  30,  1896). 

"  It  is  almost  impossible  to  explain  dynamically  the  assump- 
tion that  free  electrically-charged  ions  wander  about  in  a 
liquid  in  a  condition  at  all  rightly  described  as  one  of  dissocia- 
tion." 

And  again : 

*Lehrbuch,  2d  Ger.  ed.,  ii,  783. 
t  lb.,  796  and  801. 
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"  The  term  dissociation  as  applied  to  electrolytes  in  which 
is  independence  of  the  ions  does  not  exist  is  obviously  a  mis- 
>mer.  There  is  said  to  be  an  electrical  force  acting  between 
e  various  oppositely  charged  ions  into  which  a  dissolved 
olecule  separates,  which  in  some  way  binds  them.  Even  in 
lute  solutions  this  force  is  very  considerable  and  must  make 
e  condition  of  charged  ions  moving  independently  in  the 
[uid  so  unstable  as  to  be  dynamically  impossible  unless  other 
iportant  forces  operate  at  the  same  time." 


From  these  various  considerations  the  following  conclusions 
ay  be  drawn. 

1.  When  highly  colored  inorganic  substances  are  composed 
colorless  ions,  then  if  these  substances  can  be  brought  into 

lation  as  electrolytes,  the  color  wholly  disappears.  A  num- 
\T  of  instances  are  given  above  and  no  exceptions  were  met 
ith.  Much  that  is  important  follows  from  this.  It  is  proved 
at  the  ions  have  become  so  far  separated  that  they  no  longer 
fluence  each  others'  vibration  periods.  For  example,  anti- 
ony  pentasulphide  is  an  intensely  colored  substance.  It  djs- 
Ives  easily  in  solution  of  alkaline  sulphides  forming  absolutely 
lorless  solutions,  because  the  ions  of  antimony  and  of  sul- 
lur  are  ^olorless  and  in  the  act  of  solution  they  separate 
fficiently  to  no  longer  change  each  others'  vibration  periods, 
ithout  however  passing  out  of  each  others'  sphere  of  influence, 
lie  ion  theory  is  the  only  one  capable  of  explaining  this  loss 
color,  and  on  the  other  hand  the  reactions  are  so  exactly 
nformable  to  that  theory  that  they  constitute  a  new  proof  of 
\  correctness :  perhaps  the  best  proof  yet  presented. 

2.  The  union  of  ions  colored  and  colorless  gives  rise  to  the 
ost  surprising  changes  of  color.  Two  similar  colored  ions 
ay  unite  to  form  a  colorless  element.  Two  similar  colorless 
ns  may  unite  to  form  a  strongly  colored  element.  No  black 
n  is  known.  There  is  absolutely  no  relation  traceable  between 
e  color  of  an  ion  and  that  of  the  element  which  it  aids  to 
rm. 

3.  The  change  of  color  of  an  acid  indicator  placed  in  con- 
ct  with  an  alkali  in  no  way  depends  upon  dissociation.  Dis- 
ciation  may  result,  but  the  change  of  color  is  independent 

it. 

4.  Selective  absorption  of  the  visual  rays  by  an  element  can 
iver  constitute  a  basis  for  classification,  but  the  relation  of 
ns  to  the  visual  rays  leads  to  a  classification  which  is  in  abso- 
te  harmony  with  the  chemical  characteristics  of  the  elements, 
uite  recently  two  chemists,  Thomsen  and  deBoisbaudran, 
ive  proposed  new  Bystems  of  classification,  in  both  of  which 
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it  appeared  subsequently  that  the  elements  having  coloriea 
ions  had  come  together.  And  in  Thomsen's  eystem  the  same 
was  also  true  of  the  elements  having  colored  ions. 

5.  While  there  is  good  reason  for  believing  that  in  solution 
the  ions  are  separated  so  as  to  no  longer  anect  each  others^ 
vibrations  (see  sec.  1,  supra),  it  is  also  certain  that  they  remain 
within  each  others'  range  of  influence,  so  that  they  cannot  be 
considered  as  free.  Fitzgerald  has  shown  that  this  conclosion 
is  in  conformity  with  theory  and  experimental  evidence  has 
been  given  above,  proving  that  it  is  also  in  conformity  with 
fact. 


Art.    XLVIII. — The    Gravimetric    Determination  of  Sek- 

nium  /  by  A.  W.  Peirce. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  CoUege. — ^L] 

The  method  generally  in  use  for  the  gravimetric  determina- 
tion of  selenious  acid  is  to  precipitate  the  selenium  with  sul- 
phurous acid  in  presence  of  hydrochloric  acid  and  to  weigh  the 
elementary  selenium.  Precipitation  by  this  method,  however, 
is  slow  and  incomplete  in  many  cases,  so  that  it  is  always  neces- 
sary to  treat  the  filtrate  a  second  time  with  sulphurous  acid  and 
to  digest  for  some  time.  To  obviate  the  necessary  delay  in 
this  process,  I  have  tried  the  effect  of  substituting  potassium 
iodide  as  the  reducer  instead  of  the  sulphurous  acid,  adopting 
the  idea  from  several  recent  volumetric  methods  for  the  deter- 
mination of  selenium*  in  which  an  iodide  in  acid  solution  is 
used  to  reduce  the  selenious  acid,  and  in  which  the  liberated 
iodine,  caught  in  various  ways,  is  titrated  and  taken  as  a 
measure  of  the  selenium. 

Varying  amounts  of  selenium  dioxide  prepared  according  to 
the  method  described  in  former  articles,  by  dissolving  pure 
selenium  in  nitric  acid,  removing  any  selenic  acid  formed  by 
barium  hydroxide,  and  subliming  in  a  current  of  dry  oxygen, 
were  dissolved  in  Erlenmeyer  flasks,  and  the  solution  was 
acidified  with  hydrochloric  acid.  Potassium  iodide  was  added 
and  the  selenium  was  precipitated  in  the  form  of  a  red  powder. 
Boiling  for  ten  minutes  served  to  remove  most  of  the  liberated 
iodine  and  to  change  the  selenium  into  the  black  modification, 
which  was  collected  upon  an  asbestos  felt,  washed,  dried  at 
100°  to  a  constant  weight,  and  weighed.     Early  experiments 

*  Muthman  and  Schaefer,  Ber.  d.  d.  chem.  GeselL,  livi,  1008;  Gooch  and  Rey- 
nolds, this  Jour.,  1,  254;   Gooch  and  Peirce,  this  Jour.,  fourth  series,  i«  31. 
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bowed  that  for  small  amoants  the  process  gave  accurate  results, 
mt  that  for  large  amounts  the  errors  came  far  too  high : 
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When  the  seleuiain  amounted  to  less  than  a  tenth  of  a  gram 
Dhe  results  came  out  well.  When  the  amount  was  larger  the 
^lenium  assumed  on  boiling  a  pasty  molten  condition  which 
made  filtering  and  washing  impossible.  This  condition  was 
observed  in  the  work  already  referred  to,  and  the  mass  seemed 
to  consist  of  selenium  with  included  iodine,  as  it  gave  up 
iodine  slowly  to  water  on  standing  and  more  rapidly  to  a  solu- 
Won  of  potassium  iodide. 

It  has  been  found  in  the  work  to  be  described  that  if  an 
excess  of  potassium  iodide  be  used  considerably  above  the 
amount  necessary  for  precipitation,  the  pasty  condition  of  the 
selenium  does  not  occur,  the  iodine  evidently  being  held  in 
solution  by  the  excess  of  the  potassium  iodide.  This  would 
seem  to  indicate  the  total  release  of  the  iodine,  and  would 
make  possible  the  determination  of  quantities  larger  than  the 
two-tenths  of  a  gram  set  in  the  former  work  as  a  limit  for  the 
range  of  the  process.  Several  determinations,  which  resulted 
very  satisfactorily,  were  made  according  to  the  volumetric 
method  thus  modified,  and  at  the  same  time  the  selenium 
which  was  precipitated  was  weighed.  By  the  former  method, 
in  which  the  iodine  evolved  was  estimated,  the  results  were  too 
low,  and  by  the  latter  method,  in  which  the  residue  was 
weighed,  too  high  ;  but  there  appeared  to  be  no  definite  rela- 
tion between  the  errors  of  the  two  processes,  as  there  would 
be  if  the  retention  of  iodine  were  the  only  difficulty.  Diges- 
tion of  the  selenium  in  the  crucible  with  hot  water  removed 
a  small  amount  of  potassium  iodide  and  reduced  the  error 
considerably;  so  that  it  was  apparent  that  the  increase  in 
weight  was  due  to  the  fact  that  the  precipitated  selenium 
included  potassium  iodide  from  the  concentrated  solution. 
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Later  experiments  ander  similar  conditions,  excepting  tbtt 
the  y  din  me  of  the  Uquid  in  which  the  precipitation  took  place 
was  very  much  increased,  so  that  the  tendency  on  the  part  of 
the  seleniam  to  include  the  iodide  might  be  aiminishea,  gave 
errors  entirely  within  satisfactory  limits  though  always  posi- 
tiye. 
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It  is  sufficient  to  dilute  to  400  cm*  before  acidifying  with 
hydrochloric  acid  and  adding  potassium  iodide  to  an  amoiiDt 
about  three  grams  in  excess  of  that  actually  required.  Boiling 
for  10  to  20  minutes  will  change  the  selenium  to  the  blad 
modification  and  remoye  most  of  the  iodine.  The  process  of 
precipitation  and  filtering  can  be  completed  in  half  an  hoar. 
The  selenium  is  dried  at  100^  to  a  constant  weight. 

When  the  selenium  occurs  in  the  higher  form  of  oxidation 
the  reduction  follows  the  same  course,  though  iodine  is  not  lib- 
erated until  the  solution  is  quite  warm  ;  but  at  the  end  of  the 
usual  time  of  boiling  the  action  is  complete.  The  following 
shows  the  results  obtained  by  acting  in  the  manner  describea 
on  selenic  acid. 
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Eyidently  this  method  will  not  distinguish  between  selenions 
and  selenic  acids,  but  it  will  be  found  of  much  value  in  point 
of  time  sayed  in  the  determination  of  either  separately,  or  of 
the  total  selenium  in  case  both  occur  together. 

The  kindly  advice  and  suggestions  of  Prof.  F.  A.  Gooch  are 
gratefully  acknowledged. 
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Abt.  XLIX. — T/ts  Extinct  Fdidcd  of  North  America;  by 
Geo.  I.  Adams,  Fellow  of  Princeton  College.  (With  Plates 
X,  XI,  XII.) 

The  following  paper  is  a  resalt  of  studies  by  the  author  in 
the  Department  of  r^alseontology  of  Princeton.  It  is  an  attempt 
to  summarize  the  literature  on  the  extinct  Felidse,  to  add  such 
new  points  of  knowledge  as  it  has  been  possible  to  discover  and 
to  propose  a  classification  for  the  family.  I  wish  here  to  express 
my  thanks  for  privileges  (»f  study  kindly  extended  by  Jrrof. 
EL  F.  Osbom  and  Dr.  J.  L.  Wortman  of  the  American 
Museum,  to  Prof.  Cope  for  suggestions  and  use  of  material, 
and  to  Mr.  Dixon  and  Dr.  !Nolan  of  the  Philadelphia  Academy 
for  assistance  in  examining  specimens  and  literature  in  that 
institution.  I  wish  also  to  acknowledge  my  special  indebt- 
edness to  Prof.  W.  B.  Scott,  whose  valuable  criticism  and 
kindly  interest  have  been  an  inspiration  to  me  in  my  work, 
and  to  Mr.  J.  B.  Hatcher,  from  whom  I  have  received  much 
information  and  assistance.  The  illustrations  are  by  Mr. 
Buidolph  Weber  and  their  excellence  is  due  to  his  care  and 
skill. 

Osteology  of  Hoplophoneus  PrimoBvus, 

jSoplophonetcs prifncBims  is  at  present  known  from  a  short 
description  of  the  type  skull  by  Leidy  (Geol.  Sur.  Wis.,  Iowa, 
Minn,  and  Neb.  1852),  and  later  from  a  description  of  a  speci- 
men nearly  agreeing  with  the  type  along  with  a  second  larger 
skull  which  belongs  to  a  different  species  (Extinct  Fauna  of 
Dak.  and  Neb.)  A  restoration  and  brief  description  has  been 
pnbiished  by  Scott  (Bull.  Mus.  Comp.  Zoology,  Harvard,  1887). 
The  material  here  described  consists  of  a  nearly  complete 
skeleton,  which  is  well  preserved  (No.  10741,  Princeton  Col- 
lection) and  a  skull  somewhat  crushed  (No.  11013).  In  addi- 
tion there  is  in  the  same  collection  a  skeleton  (No.  10934) 
not  very  complete  but  having  associated  with  it  the  anterior 
and  posterior  portions  of  the  skull  which  agree  very  closely 
with  the  above  mentioned  specimen  and  is  supplemented  by 
another  lacking  the  occiput  (No.  10540.)  This  latter  specimen 
is  slightly  smaller  but  is  a  young  skull  just  losing  the  decidu- 
ous canines.  Theprincipal  material  is  that  which  was  referred 
by  the  writer  to  Ji.  primcevus  in  the  American  Naturalist  for 
January,  '96,  and  corresponds  with  the  original  type. 

This  species  of  Hoplophoneus  is  of  special  interest  inas- 
much as  it  agrees  very  closely  in  size  with  Dinictis  felMUi^  the 
osteology  of  which  is  known  from  the  description  by  Dr. 
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Scott  (Proc.  Phila.  Acad.,  1889).  In  describing  it  I  shall 
make  comparisons  with  the  lynx  {Lynx  canadensis)  and  occa- 
sionally with  the  lion,  since  the  bones  of  the  lynx,  although 
they  are  nearly  the  same  size,  do  not  express  the  feline  chanio- 
ters  so  well  as  do  those  of  the  lion,  i  shall  not  attempt  to 
quote  from  previous  descriptions  or  give  minute  descriptions 
where  the  characters  agree  with  those  of  recent  felines.  The 
osteology  is  illustrated  by  Plate  X. 

In  general  Hoplophoneus  primasvv^  is  comparable  in  size 
with  the  lynx,  although  having  a  longer  head,  the  distal  por- 
tions of  the  limbs  relatively  much  shorter  and  the  tail  long. 
'  The  skvU.  —The  skull  is  one-fourth  longer  from  the  condjles 
to  the  premaxillary  border  than  that  of  the  lynx.  This  is  dne 
to  a  greater  proportionate  length  of  the  face  and  palate.  In 
S.  primcBVus  the  distance  from  the  condyles  to  the  line  of 
the  upper  molars  is  nearly  the  same  as  from  that  line  to  the 
premaxillary  border.  While  in  the  lynx  the  first  measurement 
IS  about  the  same  as  that  of  ff,  primcsvuSy  the  latter  is  only 
about  one-half  as  great.  The  brain  case  is  not  quite  so  large 
as  that  of  the  lynx  and  the  post-orbital  constriction  is  mnch 
more  marked.  The  face  is  not  only  proportionately  longer  but 
wider,  the  width  at  the  canines  being  as  great  as  the  width  of 
the  brain  case  at  the  parieto-temporal  suture.  The  zygomata 
are  expanded  about  as  much  as  in  the  lynx  in  proportion  to 
the  length  of  the  skull,  but  the  space  enclosed  is  proportionately 
longer  and  much  wider  because  of  the  constriction  of  the  brain 
case  and  the  smaller  size  of  the  orbit.  The  orbit  is  consider- 
ably smaller  than  that  of  the  lynx  and  is  horizontally  oval. 
The  post  orbital  processes  of  the  frontals  and  malar  are  short 
and  rather  stout. 

The  face  is  strongly  arched  transversely;  seen  from  the  side 
the  angle  it  makes  with  the  posterior  portion  of  the  skull  is 
about  the  same  as  in  the  panther  or  lion,  but  it  is  straighter 
and  the  frontal  region  not  so  full. 

The  bones  of  the  skull  are  much  thicker  than  those  of  the 
lynx  and  the  processes  and  borders  much  more  massive.  This 
is  seen  in  the  inion  and  post-tympanic  process.  The  latter  is 
trihedral  and  truncated  distally.  It  is  directed  slightly  towards 
the  post-glenoid  as  if  tending  to  approach  it.  The  zygomatic 
process  is  strong  and  drooping  with  its  glenoid  portion  look- 
ing slightly  inward.  The  lambdoidal  and  sagittal  crests  are 
ratlier  nigh  and  thick.  The  fronto-temporal  ridges  diverge  at 
the  fronto-parietal  suture. 

The  sutures  of  the  skull  are  very  similar  to  those  of  recent 
felines.  The  nasal  processes  of  the  frontals  do  not  extend  so 
far  anteriorly,  being  separated  by  a  considerable  space  from  the 
ascending  rami  oi  the  premaxillaries.      The  nasals  are  long 
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md  inserted  well  into  the  anterior  border  of  the  frontals, 
;heir  posterior  borders  being  broadly  roanded.  The  ballse  are 
leldom  preserved,  but  judging  from  a  cast  of  one  they  are 
moderately  expanded. 

The  foramina  of  the  skull  present  peculiarly  primitive  char- 
icters,  as  has  already  been  recognized.  The  condylar  and 
sarotid  are  distinct  from  the  foramen  lacerum  posterius.  There 
is  a  post  glenoid  foramen.  The  foramen  ovale  enters  the 
Duter  end  of  a  deep  transverse  groove  situated  in  the  base  of 
the  zygomatic  process.  There  is  an  ali-sphenoid  canal,  the 
posterior  opening  of  which  is  in  the  inner  portion  of  the  above 
mentioned  groove  and  its  anterior  opening  is  just  back  of  the 
interior  lacerated  foramen.  The  opening  of  the  foramen 
rotnndum  is  concealed  within  the  alisphenoid  canal.  The 
optic  foramen  is  in  the  same  relation  to  the  anterior  lacerated 
as  in  the  cats.  There  is  also  an  ethmoidal  foramen  present. 
The  palatal  foramina  need  no  special  description.  There  is  a 
pofit-parietal  foramen  and  sometimes  two.  The  infra-orbital  is 
large  and  vertically  oval. 

The  mandible. — The  mandible  is  quite  characteristic  of  the 
Machserodonts.  Its  anterior  portion  consists  of  two  vertical 
nearly  plane  surfaces  meeting  at  a  wide  angle  at  the  symphysis. 
The  lateral  face  of  the  mandible  is  separated  from  the  anterior 
by  nearly  a  right  angle  marked  by  a  distinct  ridge,  posterior  to 
which  is  a  shallow  fossa  for  the  superior  canine.  At  this  place 
the  lower  border  of  the  mandible  is  produced  into  a  moderate 
flange  on  the  surface  of  which  the  fossa  is  continued.  The 
symphysis  is  lower  than  the  ramus  and  abuts  against  the  flange 
on  its  inner  side.  The  ramus  is  long  and  quite  straight,  being 
heaviest  at  the  sectorial.  The  condyle  is  on  a  line  with  the 
alveolar  border  and  is  semi-conical.  The  coronoid  is  small  and 
evenly  rounded.  The  masseteric  fossa  is  deep,  the  angle  being 
well  out  from  the  plane  of  the  coronoid.  The  dental  and 
mental  foramina  are  as  in  the  modern  cats.  On  the  anterior 
or  symphysial  surface  there  are  two  foramina  on  either  ramus. 

Dentition. — There  are  three  stout  subconical  incisors  which 
are  slightly  recurved  and  are  placed  in  nearly  a  semicircle. 
Their  posterior  surface,  which  is  a  little  over  one  third  the 
circumference  of  the  tooth,  is  slightly  flattened  and  separated 
from  the  anterior  by  a  sharp  line  which  is  slightly  denticulate 
in  an  unworn  tooth.  They  increase  in  size  outward,  the 
external  being  largest.     The  superior  canines  are  long,  com- 

{ pressed  and  slightly  recurved.  They  are  implanted  by  a  strong 
ang  which  reaches  well  up  to  the  frontal  bone.  Their  anterior 
and  posterior  cutting  borders  are  denticulate.  When  the 
montn  is  closed  the  canines  rest  in  the  fosses  of  the  mandible, 
extending  nearly  as  low  as  the  flange.     There  is  a  small  space 
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anterior  to  the  canine  and  one  about  twice  as  great  posterior  to 
it  There  are  three  superior  premolars ;  the  anterior  one  (p*) 
is  considerably  the  smallest  and  may  lack  distinct  anterior  and 
posterior  cusps.  The  second  ( p')  is  well  developed  but  may 
not  have  a  distinct  anterior  cusp.  The  third  (p*)  in  the  sec- 
torial. This  tooth  is  different  from  that  of  the  lynx  or  lion  in 
not  possessing  an  internal  cusp  ;  the  inner  root,  however,  sap- 
ports  a  convex  buttress  which  descends  from  the  principal 
cusp.  There  is  also  an  anterior  basal  cusp  which  is  rather 
incipient  and  situated  high  on  the  principal  cusp.  The  pos- 
terior cusp  is  a  long  cutting  heel.  The  upper  molar  is  rather 
better  developed  than  in  the  modern  cats  and  is  inserted  as  in 
the  lion  by  two  roots  in  a  transverse  line.  The  incisors  of  the 
lower  jaw  along  with  the  canines  form  a  regularly  curved 
series,  the  canines  being  not  much  larger  than  the  external 
incisors.  The  internal  incisors  are  much  compressed  and  in 
some  specimens  are  hardly  more  than  rudiments.  They  are 
slightly  divergent  and  have  the  same  general  structure  as  the 
upper  ones.  The  canine  is  curved  slightly  backward  and  has 
a  rather  stronger  posterior  border.  Its  greatest  diameter  is 
nearly  in  an  antero-posterior  line.  It  is  also  denticulate  when 
unworn,  but  the  border  soon  becomes  smooth.  Back  of  the 
canine  there  is  a  diastema  about  twice  as  great  as  in  the  upper 

i'aw.  There  are  two  well  developed  premolars,  the  anterior 
>eing,  however,  considerably  the  smaller.  The  inferior  molar  is 
a  sectorial  and  differs  from  that  of  the  modern  cats  in  having  a 
low  heel  and  a  somewhat  variable  posterointernal  cusp.  The 
teeth  of  the  molar  series  differ  from  those  of  the  modern  cats 
in  being  more  compressed  and  in  having  sharper  borders 
which  wnen  unworn  are  feebly  crenulated. 

The  vertebrcB. — There  are  sixteen  presacral  vertebne  of  one 
specimen,  all  of  which  are  considerably  mutilated  so  that  it  is 
possible  to  judge  only  of  the  relative  size  and  length  of  the 
centra.  They  indicate  a  much  stronger  vertebml  column  than 
that  of  the  lynx  and  one  which  is  proportionately  shorter  in 
the  lumbar  region.  Five  lumbar  vertebrae  measure  considera- 
bly less  than  any  five  of  same  region  of  the  lynx.  On  the 
other  hand,  the  cervicals  are  longer  than  those  of  the  lynx  and 
the  axis  particularly  so.  The  thoracic  vertebrae  are,  as  near  as 
can  be  judged  from  comparison  with  those  at  hand,  a  little 
longer  and,  proportionately  to  the  other  vertebrse,  also  more 
massive.  From  what  I  know  of  other  representatives  of  the 
genus  I  think  it  safe  to  say  that  the  processes  were  stout  and 
well  developed.  The  sacrum,  as  would  be  expected,  is  heavier 
and  wider  than  that  of  the  lynx  and  its  centrum  is  not  so 
much  depressed.  The  caudals  are  not  preserved  in  the  speci- 
mens of  this  species,  but  from  the  other  species  it  is  evident 
that  the  tail  was  long  like  that  of  the  recent  cats. 
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• 

Thspelma. — I  have  only  fragments  of  the  pelvis,  but  they 
^ve  an  idea  of  its  relative  size  and  strength.  The  acetabulnm 
18  one-fifth  greater  in  diameter  than  that  of  the  lynx.  As  a 
whole  the  pelvis  is  more  massive  and  considerably  longer.  At 
the  sciatic  notch,  however,  the  ischium  has  about  tne  same 
diameter  as  that  of  the  lynx. 

The  scapula. — The  distal  portion  of  the  scapula  is  con- 
siderably hrger  than  in  the  lynx,  the  glenoid  cavity  being 
abont  one-fiftn  larger.  There  is  a  short  stout  coracoid  much 
the  same  as  in  the  modern  cats.  ISo  other  features  are  pre- 
served in  the  specimens  which  are  at  hand. 

Thefore-limb. — The  humerus  of  H.  primasvus  is  the  same 
length  as  that  of  the  lynx,  but  fully  one-half  more  massive. 
The  head  presents  a  large  articular  surface  which  is  very  sim- 
ilar in  shape  to  that  of  tiie  cats.  The  great  tuberosity  is  par- 
ticularly prominent  and  rises  considerably  above  the  head  and 
is  well  set  off  from  it.  The  smaller  tuberosity  is  low  but 
rugose  and  the  bicipital  groove  quite  broad.  The  prominent 
character  of  the  bone  is  the  bold  deltoid  ridge  wnich  has  a 
straight  sharp  border  on  the  internal  side  extending  to  the 
great  tuberosity. 

On  the  outer  side,  the  lower  portion  has  a  similar  border 
which  runs  slightly  divergent  irom  the  inner  border,  but 
farther  up  curves  toward  the  smaller  tuberosity  and  becomes  a 
mere  line  on  the  convex  surface.  The  prominence  of  the  del- 
toid ridge  makes  the  antero-posterior  diameter  of  the  humerus 
at  its  middle  portion  twice  as  great  as  the  lateral  diameter,  a 
feature  which  is  not  met  with  in  the  Felidse  even  in  the  lion. 
Below  the  deltoid  ridge  the-  anterior  surface  retreats  rapidly  as 
it  descends,  becoming  an  even  convex  surface.  The  supinator 
ridffe  is  also  very  bold  and  is  in  fact  a  thin  prominent  border 
as  iSLT  up  as  the  lower  portion  of  the  deltoid  ridge.  Above  it, 
extending  in  the  same  line  but  not  connected  with  it,  is  a  line 
for  muscular  attachment,  extending  to  the  base  of  the  head. 
The  ent-epi-condylar  foramen  is  large  and  formed  by  a  free 
arch,  being  but  slightly  depressed  into  the  body  of  the  bone. 
The  trochlea  is  very  similar  to  that  of  the  lynx  but  slightly 
more  oblique.  The  anconeal  fossa  is  deep  and  large,  but  not 
perforated. 

The  ulna  is  practically  of  the  same  length  as  the  humerus. 
Its  olecranon  is  proportionately  much  longer  than  in  the  lynx 
and  lion,  being  one-nfth  the  entire  length,  while  in  the  lynx  it 
is  not  quite  one-eighth,  and  in  the  lion  a  little  over  one-seventh. 
The  sigmoid  cavity  is  long  and  defined  much  as  in  the  cats. 
£xcept  as  to  proportions,  the  ulna  presents  no  especial  pecu- 
liarities. 
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The  radius  is  three-foarths  the  length  of  the  faHmems  and  is 
a  short  bone  compared  with  that  of  the  modern  cats.  Its  head 
presents  a  distinct  notch  on  the  dorsal  margin.  The  bone  has 
sharp  lines  and  the  lower  portion  is  quite  rugose.  The  styloid 
portion  is  heavy  and  the  process  short.  The  scapho-lunar 
articular  surface  is  rather  smaller  than  would  be  expected. 

Themanus. — The  manus  is  particularly  short  and  the  digits 
divergent.  The  scapho-lunar,  although  not  much  diflFerent 
from  that  of  the  lynx  in  general  structure,  is  wider  and  has  a 
better  developed  tubercle.  The  line  of  union  of  its  two  ele- 
ments is  visible  on  its  distal  surface  in  the  facet  for  the  mag- 
num. The  pyramidal  is  very  seldom  preserved  with  a  speci- 
men, but  is  fortunately  retained  in  this  case.  It  presents  a 
concave  surface  for  articulation  with  the  unciform.  On  its 
external  surface  are  two  facets,  the  proximal  for  the  pisiform 
and  the  other  for  the  styloid  process  of  the  ulna.  It  also 
articulates  slightly  with  the  fifth  metacarpal.  The  pisiform  is 
well  developed,  articulating  as  in  the  Felidse  with  the  pyra- 
midal and  ulna.  The  unciform  and  magnum  need  no  special 
description.  In  the  specimen  which  I  have  the  trapezium  and 
trapezoid  are  absent.  They  are  present  in  specimens  of 
Hoplophoneus  insoleiw.  The  trapezoid  in  them  nearly  excludes 
the  second  metacarpal  from  lateral  contact  with  the  magnum.  In 
the  specimen  which  I  am  describing  the  relation  of  the  meta- 
carpals is  such  as  to  indicate  the  same  position.  In  this  respect 
the  carpus  differs  from  that  of  the  modern  cats,  in  the  lion 
the  articulation  being  very  large.  The  metacarpals  are  sur- 
prisingly short,  being  only  about  two-thirds  as  long  as  those  of 
the  lynx.  The  first  metacarpal  is  about  as  much  reduced  as  in 
the  lynx  or  lion.  The  phalanges  are  large  and  the  unguals 
have  well  developed  hoods  which  are  usually  preserved. 

The  hind-limb, — The  femur  is  the  same  m  length  as  that  of 
the  lynx,  but  of  course  much  heavier,  and  its  extremities  are 
rather  larger  in  proportion  to  the  strength  of  the  shaft.  The 
head  is  presented  slightly  more  inward  and  forward.  It  pre- 
sents about  the  same  relative  articular  surface  as  the  lynx  and 
has  a  deep  pit  for  the  round  ligament.  The  great  trochanter 
is  separated  from  the  head  by  a  more  distinct  notch,  which  is 
deepest  at  the  neck.  The  digital  fossa  is  deep  and  the  posterior 
border  of  the  great  trochanter  is  reflected  over  it  fully  as  much 
as  in  the  lynx.  The  second  trochanter  is  very  prominent  and 
its  position  is  quite  different  from  what  it  is  m  the  modem 
cats.  It  is  relatively  farther  below  the  head  and  not  as  ranch 
removed  from  the  inner  border  of  the  femur.  When  the 
bone  is  viewed  directly  from  in  front  a  considerable  portion  of 
it  is  seen,  while  in  the  recent  cats  it  is  concealed  by  the  shaft 
The  femur  also  differs  from  that  of  the  recent  cats  in  having  a 
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distinct  third  trochanter  which  is  connected  above  by  a  ridge 
with  the  great  trochanter  and  is  continuous  below  with  the 
linea  aspera  externa.  The  shaft  is  more  rugose  than  in  the 
Ijnx  and  is  not  quite  as  straight.  The  patellar  surface  is  broad 
and  shallow  and  the  condyles  large. 

The  tibia  is  absolutely  and  relatively  shorter  than  in  the 
lynx,  being  not  quite  four-fifths  as  long  as  the  femur,  while  in 
the  lynx  they  are  of  the  same  length.  In  the  lion  the  tibia 
is  five-sixths  the  length  of  the  femur.  The  condylar  surfaces 
are  large  and  are  separated  only  by  a  low  spine.  The  shaft  of 
the  tibia  is  compressed  laterally  and  the  cnemial  crest  is  high. 
The  anterior  tuberosity  is  rather  far  from  the  condyles.  The 
distal  portion  is  quite  different  from  that  of  the  lynx  or  lion, 
inasmuch  as  the  articular  surface  is  very  oblique  and  the  astra- 
galar  groove  only  slightly  indicated.  The  malleolus  is  heavy 
and  straight.  A  distmct  ridge  rises  on  its  anterior  surface  and 
extends  a  short  distance  up  the  shaft. 

The  fibula  needs  no  special  description.  It  is  quite  stout 
and  has  sharp  lines  for  muscular  attachment  and  is  free  the 
whole  length  of  the  shaft.  Its  distal  end  presents  a  large 
articular  surface  for  the  calcaneum. 

•  The  pea, — The  calcaneum  is  slightly  shorter  than  that  of  the 
lynx  owing  to  its  tubercle  being  not  quite  so  long.  The  sus- 
tentacular  portion  is  situated  rather  farther  distally  and  the 
facet  is  presented  more  nearly  upward.  There  is  no  facet  to 
support  the  head  of  the  astragalus  as  in  the  lynx.  This  last 
mentioned  bone  extends  much  farther  distally  than  in  the 
lynx  although  the  neck  is  not  proportionately  longer.  The 
astragalus  of  Hoplophoneua  is  larger,  particularly  the  body  por- 
tion. Its  trochlear  surface  is  only  slightly  grooved  and  its 
outer  border  very  oblique.     It  is  in  these  two  respects  very 

fmmitive.  The  cuboid  is  somewhat  larger  than  that  of  the 
ynx,  while  the  navicular  is  considerably  wider  and  the  tubercle 
not  so  much  reflected  upon  the  head  of  the  astragalus.  Its 
distal  surface  presents  three  distinct  facets  for  the  cuneiforms. 
In  these  bones  the  relationship  as  regards  the  articulation  with 
the  metatarsals  is  similar  to  that  of  the  trapezoid  and  magnum 
in  the  manus,  the  second  metatarsal  being  nearly  excluded 
from  any  lateral  articulation  with  the  ectocuneiform.  In  the 
modern  cats  this  wedging  in  of  the  second  metatarsal  is  a  very 
great  element  of  strength.  The  ento-cuneiform  is  not  so 
much  reduced  as  in  the  lynx  since  the  first  metatarsal  is  not  so 
mdimental.  The  length  of  the  metatarsals  is  proportionately 
even  shorter  than  the  metacarpals,  being  only  four-sevenths  as 
long  as  those  of  the  lynx.  The  first  digit  is  not  much  reduced 
ana  carries  an  ungual. 
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Summary, 

H.  primcBvus  differs  from  the  recent  FelidsB  and  the  lynx  in 
particular,  in  the  following  points : 

The  eknll  is  Machaerodonty  is  large  in  proportion  to  the  body 
and  long  anteriorly. 

The  brain  case  is  relatively  much  less  expanded  and  the 
post  orbital  constriction  is  very  marked. 

The  mandible  has  a  distinct  vertical  anterior  face  and  a 
moderate  flange. 

The  post-tympanic  is  large,  sub-cylindrical  and  shows  a  ten- 
dency to  approach  the  post-glenoid  process.  The  zygomatic 
processes  are  drooping. 

There  are  distinct  carotid,  condyloid,  post-glenoid  and  poet- 
parietal  foramina  and  an  alisphenoid  canal. 

The  dentition  is  I|C|Pra  JM|.  The  superior  canine  is  very 
long,  recurved,  compressed  and  when  tne  mouth  is  closed 
extends  nearly  as  low  as  the  flange  of  the  mandible,  resting  in  a 
slight  fossa.  The  superior  sectorial  has  an  anterior  basal  casp 
but  no  internal,  the  mternal  root  supporting  instead  a  convex 
buttress  which  descends  from  the  principal  cusp.  The  inferior 
sectorial  has  a  small  postero-internal  cusp  and  a  low  heel. 
The  incisors  are  subcorneal  and  slightly  divergent.  The  inferior 
canine  is  not  much  larger  than  the  external  incisor.  All  the 
teeth  when  unworn  are  denticulated  or  feebly  crenulated  and 
the  superior  canines  are  permanently  so. 

The  skeleton  is  about  the  size  of  the  lynx  but  more  massive 
as  in  the  lion.  The  cervical  region  is  rather  long  and  the  lam- 
bar  short  as  compared  with  the  lynx.  The  tail  is  long  as  in 
the  lion. 

The  humerus  has  a  strong  massive  deltoid  ridge,  the  femur 
a  third  trochanter. 

The  ulna  and  radius  and  the  tibia  are  proportionately  mach 
shorter  than  in  the  recent  Felidfle. 

The  pes  and  manus  are  very  short  and  broad.     The  astra- 

filus  is  only  slightly  grooved  and  its  tibial  surface  is  oblique, 
he  scapho-lunar  shows  the  line  of  union  of  its  two  elements. 
The  second  metacarpal  is  nearly  excluded  from  lateral  articula- 
tion with  the  magnum  and  the  second  metatarsal  from  lateral 
articulation  with  the  ecto-cuneiform. 

The  unguals  have  heavy  hoods  and  were  retractile. 
The  position  of  the  feet  was  as  in  the  modern  cats. 

A  comparison  with  Dinictis  felina. 

The  osteology  of  this  species  of  Dinictia^  as  has  already  been 
stated,  has  been  described  by  Scott.    In  addition  to  the  material 
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which  was  known  at  that  time,  the  Princeton  Masenm  contains 
besides  duplicate  portions  of  the  skeleton,  a  hnmeras  and  a  few 
bones  of  the  carpus.  These  net;d  no  special  description  for 
my  purpose  here.  The  genus  Dinictis  stands  ancestral  to  the 
genus  MaplophoneuB  and  the  species  felina  agreeing  so  closely 
in  size  with  H.  primcevus  makes  a  comparison  very  interest- 
ing. I  shall  state  here  the  points  in  which  D,  felina  diifers, 
altliough  many  minor  points  which  would  be  apparent  to  the 
eye  are  necessarily  omitted. 

The  skull  is  slightly  larger  and  is  higher  in  the  frontal  region. 

The  mandible  has  a  smaller  flange. 

The  glenoid  process  is  not  so  low  and  the  post-tympanic 
does  not  show  a  tendency  to  approach  the  post  glenoid. 

The  dentition  is  I|U^Pm|Mi.  The  incisors  are  small, 
spatulate  and  in  an  even  transverse  row.  The  outer  one  is  con- 
siderably larger  than  the  others.  The  canine  is  larger  at  the 
base  and  not  quite  so  long.  The  superior  sectorial  has  an  inner 
cusp  but  no  anterior  basal.  The  inferior  sectorial  has  a  better 
developed  heel.  The  second  lower  molar  is  much  reduced  but 
constant. 

The  foramina  are  the  same. 

The  skeleton  is  of  nearly  the  same  size  but  not  so  massive. 

The  limb  bones  have  more  slender  shafts  and  not  quite  so 
large  extremities. 

The  ulna  and  radius  and  the  tibia  are  not  so  short  in  propor- 
tion to  the  lengths  of  the  humerus  and  femur,  which  are  almost 
identical  in  length  with  those  of  U,  primasvua. 

The  manus  and  pes  are  narrower  and  longer. 

The  unguals  have  weak  hoods  but  were  retractile,  although 
perhaps  not  perfectly  so. 

The  generic  distinctions  are  to  be  found  in  the  structure  of 
the  sectorials,  the  character  of  the  incisors  and  the  unguals, 
although  in  distinguishing  the  two  the  other  points  above  men- 
tioned can  be  relied  upon. 

Measurements, 

H.  primsvus.       D.  feliDa. 
Length  of  skull  condyles  to  premaxillary 

border 148  .          154"" 

Length  of  cranium  to  anterior  rim  of  orbit..  99  108 

Length  of  bony  palate 79  72 

Breadth  of  bony  palate  at  sectorials 61  .              69 

Breadth  of  skull  at  canines 47  50 

Breadth  of  skull  at  post-orbital  constriction,  85  33 
Length  of  mandible  from  condyle  to  lateral 

incisor 112  119 


428      0. 1.  Adams — Extinct  Fdid(B  of  North  America. 

H.  primaevuB.       D.  felina. 

Length  of  hameras 160  172 

ulna 163 

radias 122 

femur 185  190 

tibia , 143  168 

calcaDeam       43  43 

metatarsal  IV 37  63 

metacarpal  IV 38 


I 


The  Hoplophoneus  Series. 

Hoplophoneus  primoBvus  Leidy  and  Owen. 

This  species  was  the  first  Machserodont  foand  in  North  America 
and  was  described  as  Machosrodus  primoevus  and  later  as  Dre- 
panodon  primcevns.  The  establishment  of  the  genus  Hoplo- 
phoneus  Cope,  removed  it  to  that  group.  In  Leidy's  description 
in  the  Ancient  Fauna  of  Dakota  and  Nebraska  a  skull  is  referred 
to  this  species  which  is  considerably  larger  than  the  original  type 
and  quite  different  from  it.  The  species  as  here  used  is  as  limited 
by  the  writer  in  the  American  Naturalist,  January,  1896.  The 
description  of  the  osteology  preceding  this  makes  lurther  men- 
tion of  it  here  unnecessary.     Dental  formula  IjC^Pmf Mj-. 

Hoplophoneus  robustus  Adams. 

This  species  was  proposed  as  representative  of  the  larger  skull, 
which  was  referred  by  Leidy  to  S,  primcevus.  As  compared 
with  that  species,  it  shows  an  increase  in  size  and  the  skeleton  is 
more  massive.  The  skull  is  relatively  large  and  the  first  superior 
premolar  (pm*)  more  reduced  and  in  old  specimens  may  be  absent. 
To  this  species  should  be  referred  the  specimen  determined  by 
Osborn  and  Wortmau  as  ff,  primcevus  (Bull.  Amer.  Mus.,  1894, 
p.  228).  The  figure  of  the  skull  and  the  measurements  here 
given  are  from  that  specimen.     I|C|Pm^^M|. 

Length  of  skull,  condyles  to  premaxillary  border,  180"°* 

"  humerus 170 

"  ulna 163 

"  feraurf 196 

**  tibia 160 

Soploj)ho7ieu8  occidentalis  Leidy. 

This  is  the  largest  species  of  the  series.  It  was  first  proposed 
by  Leidy  on  a  fragment  of  a  mandible  (Extinct  Fauna  of  Dakota 
and  Nebraska).  It  is  best  known  from  a  fine  skull  and  nearly 
complete  skeleton  described  by  Williston  (Kansas  University 
Quarterly,  June,  '95),  as  Dmotomius  atroXy  which  name,  as  has 
been  shown  by  the  writer,  is  a  synonym  (Amer.  Nat.,  January, 
'96).  The  dentition  is  IfC|Pmf  \I|.  The  inferior  sectorial  is 
very  strong  and  thick  at  the  base,  the  postero-internal  cusp  is 
wanting  and  the  heel  is  reduced. 
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Length  of  the  skull,  inion  to  premazillary  border,  260"*° 

"  homeros 240 

**  tibia 237 

Hoplophoneus  insolens  Adams. 

The  determiDation  of  the  skeletal  characters  of  H.  occidentalis 
made  it  apparent  that  the  specimen  determined  as  such  by 
Osbom  and  Wortman  (Bull.  Amer.  Mus.,  1894)  is  a  quite  distinct 
species,  and  it  together  with  material  in  the  Princeton  collection 
was  the  basis  of  this  species  intermediate  between  JI.  robustus 
and  JZ  occidentdlis.  As  compared  with  If,  robustus  the  skeleton 
is  much  larger,  the  limb  bones  being  4onger  but  not  much  heavier, 
the  extremities  being  relatively  smaller.  The  dental  formula  is 
IfCiPmfMf 

Length  of  skull,  condyles  to  premazillary  border,  190°*" 

"  humerus 200 

"  ulna 212 

**  femur 260 

"  tibia 188 

Moplophoneus  oreodontis  Cope. 

This  species  is  the  type  of  the  genus.  It  was  first  described  by 
Cope  under  the  genus  MachceroduSy  but  better  material  enabled 
him  to  separate  from  that  genus.  The  specimen  figured  in  the 
series  is  interesting  as  supplementing  the  material  already  known. 
This  skull  ^number  10515  m  the  Princeton  collection)  differs  from 
that  descrioed  by  Cope  in  showing  the  roots  of  a  much  reduced 
m%  thus  changing  the  dental  formula  of  the  species  If  C|Pm^^ 
'  .\.     It  is  the  smallest  species  known  from  the  White  River. 

Length  of  skull,  condyles  to  premazillary  border,  136' 
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JSoplophoneus  cerebralis  Cope. 

This  is  the  smallest  species  and  the  most  peculiar.  It  is  the 
onlj  representative  of  the  genus  thus  far  found  in  the  John  Day. 
It  IS  peculiar  in  showing  a  short  temporal  space,  a  very  convex 
profile,  and  a  nearly  vertical  and  abrupt  occiput.  The  superior 
sectorial  has  a  better  developed  anterior  basal  cusp  than  the  other 
species ;  in  this  respect  it  approaches  Machmrodus^  as  has  been 
noted  by  Cope.  Dentition  P/CyPrn'My.  The  species  is  known 
only  from  a  skull. 
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Length  of  skull,  condyles  to  premaxillary  border,  120* 

There  are  thus  six  species  of  Hoplophoneus  disregarding,  H, 
strigidens  Cope,  which  being  known  only  from  a  fragment  of  a 
canine  which  presents  an  unusual  form,  is  not  characterized  by  any 
features  which  refer  it  to  that  genus  rather  than  any  other.  The 
series  of  skulls  figured  in  Plate  XI  show  a  great  variation  in  size 
and  a  study  of  the  skeletons  shows  a  like  variation. 
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The  Dinictis  iSeries. 

Dinictis  felina  Leidy. 

This  is  the  type  species  of  the  genus  and  is  well  known  from 
the  original  description  by  Leidy,  and  the  osteology  by  Scott 
A  summary  of  its  essential  differences  from  Hbpiophoneus  is 
given  in  this  paper,  consequently  no  further  discussion  will  be 
given  here.  The  skull  figured  is  a  well  preserved  specimen  in 
the  Princeton  Museum  (number  10972).  Dental  formulad  I|Cf 
PmfMi. 

Length  of  skull,  condyles  to  premazillary  border,  163"^"^ 

"  humerus • 172 

"  femur 190 

'*  tibia 168 

Dinictis  squcUidena  Cope. 

This  species  was  first  described  from  a  portion  of  a  decidaoos 
superior  canine  and  a  fragment  of  a  mandible  supporting  the 
deciduous  dentition.  Later  a  mandible  containing  the  permanent 
dentition  was  referred  to  it.  The  skull  figured  in  the  series 
(number  11379  in  the  Princeton  Museum)  contains  the  permanent 
dentition  except  the  superior  canines,  which  are  just  on  the  point 
of  being  replaced.  Its  reference  to  2>.  squalidens  from  the  cbtr- 
acter  of  the  mandible  is  not  to  be  doubted.  The  specimen 
although  immature  is  considerably  smaller  than  J),  felina  and 
differs  from  it  sufficiently  to  warrant  its  reference  to  a  distinct 
species. 

Length  of  skull,  condyles  to  premaxillary  border,  140' 


iran 


Dinictis  fortis  Adamp. 

This  species  was  described  principally  from  a  skeleton.  D. 
bombifronSy  which,  was  described  from  a  skull,  has  since  been  deter- 
mined to  be  a  synonym  of  the  former  (Amer.  Nat.,  January,  '96, 
p.  50,  foot-note).  Further  material  has  shown  D.  fortis  to  be 
quite  distinct  from  D.  felina^  and  now  that  the  skull  is  known  the 
species  may  bo  considered  as  established.  The  skull  here  figured 
is  the  one  originally  described  as  D.  bombifrons. 

Length  of  skull,  condyles  to  premaxillary  border,  185™*° 

"         humerus 192 

"         ulna 191 

"         femur 205 

"        tibia 186 

D,  Cyclops  Cope. 

With  this  species  we  take  up  the  John  Day  forms.  The  out- 
line drawing  here  given  is  from  the  type  skull  figured  by  Cope. 
The  striking  features  of  it  are  its  convex  profile,  the  round  orbit 
and  the  short  temporal  space.  In  a  general  way  it  is  comparable 
with  Hoplophoneus  cerebraliSy  also  from  the  John  Day. 

Length  of  the  skull  condyles  to  premaxillary  border,  150"°* 
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DinictU  brachyopa  {Pogonodon  hrachyops  Cope). 

As  will  be  farther  pointed  ont  in  this  paper,  Pogonodon  most 
be  considered  as  a  synonym  of  Dinictis,  The  tooth  strncture  is 
identical  and  the  dentition  difiers  only  in  the  absence  of  the 
second  inferior  molar,  the  redaction  of  which  is  indicated  in 
other  species  of  Dinictis,  The  figare  given  in  the  series  is  from 
the  fragments  of  the  skall  described  by  Cope.  The  posterior 
portion  of  the  skall  is  reversed  and  the  restoration  of  the  ontline 
18  conjectaral.  The  skeleton  is  in  part  known  and  is  very  Dinictis- 
like.     This  species  is  from  the  John  Day. 

Dinictis platycopis  {Pogonodon  platycopis  Cope). 

This  is  the  largest  of  the  series  and  with  it  is  probably  reached 
the  culmination  of  the  Dinictis  type  as  regards  size.  The  profile 
of  the  skall  was  probably  more  convex  than  is  indicated  in  the 
figare,  which  is  taken  from  Cope's  Tertiary  Vertebrates,  since  the 
specimen  is  slightly  crushed.  It  is  comparable  with  H,  occiden- 
talis  although  exceeding  it  in  size.  The  skeleton  is  not  known. 
The  type  specimen  is  from  the  John  Day. 

Length  of  skull,  condyles  to  premaxillary  border,      235"*° 

The  foregoing  series  of  Dinictis  species,  of  which  the  skulls 
are  figured  m  Plate  XII,  although  less  perfectly  known  than  the 
Hoplophoneus  series,  is  comparable  with  it.  The  genus  Dinictis 
stands  ancestral  to  the  genus  Hoplophoneus  and,  from  what  we 
know,  seems  to  have  been  more  conservative.  In  both  there  is 
a  striking  gradation  in  size.  Roplophonevs  is  greatly  diversi- 
fied in  the  White  Kiver.  Dinictis  remains  are  not  so  abundant 
and  three  of  the  six  species  are  known  only  from  the  John 
Day,  while  only  one  species  of  Hoplophoneus  is  known  from 
that  formation.  The  range  of  the  species  in  so  far  as  I  can 
report  them  is  expressed  in  the  following  table. 


White  Rivbb. 

John  Day. 

Titanotherium 
Beds, 

X 

Oreodon 
Beds. 

Protooeras 
Beds. 

Dinictis  f ortis ..._ 

X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

"       feliDa 

"       squalidens  ..... 

"      brachyopa 

X 

"       platycopis 

X 

*'      Cyclops. 

X 

J                    W£»~.      ....      ....      .... 

Hoplophoneus  primanvus 

*•            oreodontis 

•*            robustus...... 

*'            insolens 

•*            occiden talis  ... 
"           oerebralis 

X 
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Nomenclature  and  Synonyms, 

The  following  short  account  of  the  history  of  the  genus 
Machoerodus  may  not  be  out  of  place  here,  since  this  genus 
gives  its  name  to  a  subfamily  and  its  priority  seems  to  be  some- 
what questioned. 

Isolated  teeth  were  first  noticed  by  Cuvier  in  1824,  to  whom 
specimens  discovered  in  the  Vald'  Arno  were  exhibited  by 
Nesti.  From  evidence  relative  to  their  association  with  re- 
mains of  [Ji'sus^  Cuvier  was  induced  to  refer  them  to  that 
genus  under  the  name  Drsus  cidtridens  (Supplement  to  Ossa- 
mens  Fossiles,  vol.  v,  Pt.  ii,  p.  517).  The  lirst  description  is 
due  to  Nesti,  according  to  M.  de  Blainville,  who  cites  his 
"  Lettera  terza  dei  alcune  ossa  fossile  nou  peranco  descritte  a) 
Sogn.  Prof.  Pali  Savi,  Pisa,  1826,"  in  which  the  name  Unm 
trepanodon  is  used,  whence  later  the  genus  Drepanodon^  from 
the  species  name  trepanodon^  was  evidently  made.  Later  M. 
•Bravard  described  Felis  m^ganteron  (now  known  as  Machcsro- 
dus  megantero?i)  and  conjecturally  restored  a  portion  of  a 
skull  by  adding  to  it  a  canine  of  the  character  previously 
described  as  Jjrsus  cultridena^  referring  it  to  the  genus  Fdii 
under  the  specific  name  cidtridens  proposed  by  Cuvier  (Mono- 
eraph  de  deux  Felis,  p.  143,  1828).  Kanp  in  Description 
a'Ossemens  fossiles  der  Museum  de  Darmstadt,  1833,  laid 
stress  on  the  differences  which  the  falciform  canines  present  as 
compared  with  known  bears  and  felines,  pointing  out  their  dif- 
ferences from  the  teeth  of  other  carnivores  in  the  curved  form 
and  denticulate  margins  and  proposed  a  distinct  genus.  Ma- 
chcerodus.  An  associated  incisor  he  referred  to  a  new  genus 
Agnotherium^  not  recognizing  that  it  probably  belonged  to  the 
same  individual.  The  real  affinities  had  been  recognized  by 
Bravard,  but  Kaup  was  the  first  to  propose  a  generic  name  for 
this  type  of  dentition. 

In  De  Blainville's  Osteographie,  under  a  description  of  Fdit 
m^eganteron  {Machcprodus  meganteron^  a  very  full  discussion  is 
given  in  which  he  presses  Bravartfs  claims.  Pomel  has  also 
sought  to  substitute  the  species  name  m^eganteron  for  Kaup's 
Machcerodus.  Finally  Bronn  in  Lethea  Geonostica  has  at- 
tempted to  combine  Smilodon  Lund,  and  Machcerodus  Kaup 
under  the  generic  name  Drepanodon^  using  Nestis'  species 
name. 

The  first  Machserodont  fossil  found  in  North  America  was 
described  by  Leidy  and  Owen  as  Morchcerodus  primcevus. 
Later  Leidy  used  for  this  species  the  generic  name  Drepanodm. 
Likewise  Cope  first  described  species  under  this  genus  MaduBr- 
odus.  Later,  however,  he  removed  them  all  to  new  genera. 
In  referring  to  European  species  he  used  the  genus  Drepanodon 
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vnth  MachcBTodus  as  a  Bynonjm,  but  retained  Smilodon  as  a 
distinct  genus  (Extinct  Cats  of  North  America,  Amer.  Nat., 
1880). 

It  has  not  been  definitely  shown  as  yet  that  there  are  any 
representatives  of  the  genus  Machcerodus  in  North  America. 
In  the  American  Naturalist,  1887,  Cope  proposed  M.  catacopis 
on  the  anterior  portion  of  a  mandible  naving  a  moderate  flange 
and  containing  the  roots  of  the  incisors  and  a  canine  with  a 
posterior  denticulate  border.  It  is  not  distinguishable  from 
HoplapJionexis  however.  Cragin  in  Science,  1892,  proposed  J/l 
crasstaens  on  feline  remains  from  the  same  beds  and  Williston 
has  since  (Kansas  University  Quarterly,  1895)  referred  other 
bones  from  the  same  locality  to  this  species.  None  of  the 
species  can  be  said  to  be  established  as  belonging  to  the  genus 
JfachcBTodus  since  the  generic  characters  of  dental  formula, 
structure  of  the  molar  series  and  the  basi-cranial  foramina  are 
not  determinable  in  the  specimens  thus  far  found  in  the  Loup 
Fork. 

Smilodon  is  distinctively  an  American  genus.  It  was  estab- 
lished by  Lund,  1842,  on  a  specimen  from  Brazil  {S,  neogaeus 
K.  Danske  Vid.  Selsk.  Copenhagen).  Leidy  described  a  frag- 
ment of  a  maxilla  containing  a  sectorial  under  the  name 
Trucifdis  fatalis.  In  structure  the  tooth  agrees  with  Smilo- 
don and  a  second  specimen  induced  Cope  to  refer  it  to  that 
genus.  Smilodon  jtoridamiS  Leidy  is  known  from  a  well  pre- 
served skull  from  which  the  teeth  have  been  lost. 

The  genus  EusmUua  was  established  by  Gervais  (iK  perar- 
matus.  Journal  de  Zoologie,  1875).  Previously  Filhol  had 
described  M.  bidentatusj  which  is  synonymous,  consequently 
Gervais  genus  and  Filhols  species  are  accepted. 

Dinohastia  Cope,  although  founded  on  very  limited  material, 
will  probably  prove  to  represent  the  latest  development  of  the 
MachsBrodont  type  in  North  America.  The  genus  is  based 
upon  the  absence  of  the  internal  root  of  the  superior  sectorial. 

The  genus  Dinictia  has  remained  well  defined  since  first 
proposed  by  Leidy.  To  it,  however,  should  be  referred  the 
two  species  of  Pogonodon  described  by  Cope.  The  genus 
Pogonodon  as  proposed  by  Cope  does  not  diflEer  from  Dinictia 
as  regards  tooth  structure,  and  the  absence  of  the  second 
inferior  molar,  which  in  Dinictis  is  much  reduced,  is  not  suflS- 
cient  grounds  for  retaining  it  as  a  distinct  genus,  since  in  several 
specimens  of  Dinictis  it  is  variable  in  size  and  in  one  is  absent 
from  one  side.  The  genus  Dinictis  as  thus  constituted  shows 
the  reduction  of  this  tooth,  just  as  Uoplophoneus  shows  the 
reduction  of  the  superior  premolar. 

The  genus  Hoplophoneus  proposed  by  Cope  embraces,  besides 
new  species,  others  previously  described  under  the  generic 
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names  Machasrodua  and  Drepanodon,  DinotomitM  alrox 
Williston  is  a  synonym  of  IT.  occidentalisy  as  has  been  shown 
by  the  writer  (Amer.  Nat.,  January,  1896). 

The  genera  Archmlurua  and  Nim/ravua  have  remained  as 
first  defined. 

Our  knowledge  of  North  American  fossil  forms  of  the  true 
Felinse  is  very  limited.  Leidy  has  described  Pseudedurw 
intrepidicSj  referring  it  to  the  European  genus  established  by 
Gervais.  There  are  several  imperiectlv  known  species  of 
J^elis.  Leidy  has  described  1^.  atrox  and  F.  attgusttts.  Fdit 
imperialia  Leidy  is  not  sufficiently  characterized  to  be  retained. 
Scott  has  described  ?  F.  maxima  from  a  humerus  found  in  the 
Loup  Fork  of  Kansas.  It  will  be  remembered  that  remains 
from  that  deposit  have  been  described  under  the  genns 
MachasTodu8^  and  it  is  not  probable  that  this  humerus  belong 
to  a  different  genus  although  further  material  must  be  fonnd 
before  the  amnities  of  these  forms  can  be  determined.  The 
genus  Uncia  Gray  cannot  be  distinguished  with  certainty  in 
fossil  forms  and  is  here  included  in  Felis. 

The  Dentition  of  the  Felidce. 

The  modifications  of  the  dentition  of  the  Felidsd  consist,  on 
the  whole,  of  the  reduction  of  the  number  of  teeth  until 
almost  the  entire  function  of  the  molar  series  is  performed 
by  a  single  large  sectorial  in  each  jaw  and,  accompanying 
the  reduction  in  number,  an  increase  in  size  and  complexity 
of  structure  whereby  the  individual  teeth  become  more  perfect- 
cutting  instruments.* 

The  specialization  of  one  tooth  as  a  sectorial  to  the  ex- 
clusion of  the  others  appears  to  be  due  to  the  following  causes. 
It  is  to  be  observed  that  when  a  cat  devours  a  carcass  it  cuts 
off  masses  by  a  shearing  action  of  the  jaws.  In  so  doing  the 
part  to  be  divided  is  brought  to  the  canthus  or  angle  of  the 
soft  wall  of  the  mouth,  which  is  just  at  the  front  of  the 
masseter  muscle,  at  which  point  the  greatest  amount  of  force 
is  gained,  since  the  weight  is  brought  immediately  to  the 
power.  The  first  inferior  molar  situated  at  this  point  can  be 
most  effectively  used  and  has  developed  into  a  sectorial.  In- 
asmuch as  the  inferior  and  superior  teeth  do  not  directly 
oppose  each  other  but  form  an  alternate  series,  the  first  inferior 
molar  more  nearly  opposes  the  last  upper  premolar  and  this 
tooth  has  become  the  superior  sectorial.  The  shortening  of 
the  jaw  which  accompanied  the  reduction  of  the  molar  series 
has  brought  the  canines  nearer  to  the  powerful  muscles  of 
mastication  and  they  are  as  a  result  more  effective  weapons  in 
the  Felidsd  than  in  other  carnivores. 

•  Origin  of  Specialiied  Teeth  of  the  Carnivora,  Cope,  Amer.  Nat.,  p.  171,  1879; 
Mechanical  GeaeaiB  ot  Toot\i-ioima,B.^^^i,^wi.  ^ca<L  Nat  Sci.,  1878. 
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The  oaose  of  the  reductioQ  of  the  molar  series  seems  to  lie 
in  the  following  facts.  If  the  jaws  of  one  of  the  primitive 
Felids  are  examined  it  will  be  found  that  when  they  are 
closed  the  teeth  which  first  come  in  contact  are  the  sectorials, 
because  of  their  elevated  crowns.  The  premolars  being 
further  from  the  condyles  are  the  last  to  come  in  contact. 
The  function  of  seizing  and  holding  is  performed  by  the 
greatly  developed  canines  and  the  function  of  cutting  by  the 
sectorials,  hence  no  important  function  devolves  upon  the 
anterior  pre-molars  and  posterior  molars.  Inasmuch  as  the 
lower  series  bite  in  front  of  the  upper,  it  will  be  seen  that  the 
last  inferior  molar  and  the  first  superior  premolar  are  only 
partially  opposed  by  the  teeth  of  tne  opposite  series,  conse- 
quently they  are  less  functional  and  are  the  first  to  disappear. 

The  most  primitive  form  of  superior  sectorial  among  the 
Felidse  consists  of  a  principal,  posterior,  and  antero-intemal 
cusps,  as  is  seen  in  Dinictis.  To  this  form  there  is  added  in 
HoplophonetLS  an  incipient  anterior  basal  cusp  which  in 
Mdchmrodvs  is  well  developed.  In  Smilodon  there  is  a  second 
anterior  basal  cusp.  The  internal  cusp  present  in  DinictU 
disappears  in  later  genera,  where  it  is  represented  only  by  a  con- 
vex buttress,  whicn  descends  from  the  principal  cusp,  and,  as 
a  more  perfect  shearing  action  is  developed,  this  becomes  less 
prominent  until  in  Dvnohastia  it  is  absent  and  the  internal 
root  which  supported  it  is  lost. 

The  inferior  sectorial  in  the  most  primitive  genera  consists 
of  a  principal,  anterior,  posterior  and  postero-mtemal  cusps. 
The  fate  of  the  internal  cusp  is  similar  to  that  of  the  internal  of 
the  superior  sectorial.  Since  it  meets  with  no  opposing  cusp  it  is 
soon  lost.  The  posterior  cusp  or  heel  is  reduced  i  n  genera  in  which 
the  superior  molar  is  rudim3ntal  and  does  not  oppose  it.  In 
EusmiliM  dakotensis^  it  becomes  a  mere  sharp  line  on  the 
posterior  border  of  the  principal  cusp.  The  function  of  the 
inferior  sectorial  devolves  chiefly  upon  the  principal  and 
anterior  cusps,  which  are  well  developed. 

As  the  number  of  teeth  was  reduced  the  individual  teeth 
become  larger  and  the  premolars  developed  posterior  basal 
cusps  by  the  elevation  of  the  cingulum,  as  is  seen  in  Fdia, 
The  incisors  also  became  more  robust  in  tbe  Machserodont 
genera.  In  Dinictis  they  are  small  and  form  an  even  series. 
In  Hoplophoaeua  they  are  more  robust,  and  in  Dinobastia  we  see 
their  most  specialized  form.  In  this  genus  they  have  minute 
basal  cusps  and  their  margins  are  crenulated. 

The  development  of  saber-like  canines  characteristic  of  the 
Machserodont  type  is  easily  traced  in  ArchaeiAirus^  in  which  the 
inferior  and  superior  canines  are  sub-equal;  in  ^lurogaley 
where  the  posterior  border  is  denticulate,  and  then  in  Dinictis^ 
where  both  the  anterior  and  posterior  borders  are  denticulate* 
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With  the  higher  genera  they  attained  an  enormous  develop- 
ment, such  as  would  seem  to  have  been  a  positive  hindrance  in 
biting  and  seizing.  In  the  true  cats  the  canines  remained 
sub-equal  although  developing  to  a  great  size. 

The  development  of  a  nange  on  the  anterior  inferior  portion 
of  the  mandible  is  to  be  correlated  with  the  lengthening  of 
the  superior  canines.  Its  function  seems  to  have  been  to  pro- 
tect these  teeth,  but  in  the  latter  genera  the  length  of  the 
flange  evidently  was  not  as  great  and  the  canines  extending 
below  the  mandible  were  effective  weapons  when  the  month 
was  closed.  The  most  primitive  forms  probably  possessed  no 
flange  since  the  canines  were  short  and  sub-equal.  In  Archa- 
lurus  we  see  the  first  indication  of  a  developme  flange  in  the 
obtuse  angle  of  the  mandible  and  the  shallow  lossa  in  which 
the  superior  canine  rests. 

The  evolution  of  the  Felidae  is  best  indicated  in  the  characters 
of  the  dentition.  It  is  upon  the  dental  formulae  and  dental 
structure  that  generic  distinctions  rest,  and  a  careful  study  of 
these  points  will  reveal  the  genetic  and  phylogenetic  relation- 
ships of  the  family. 

The  Succession  of  Oenera. 

There  are  two  distinct  types  of  development  among  the 
FelidaB.  Of  these  the  Machaerodont  type  seems  to  have  had 
its  origin  in  America,  since  with  the  exception  of  jElurogaU 
and  possibly  Mdchoerodvs  all  the  genera  have  been  found  here. 
The  Old  World  was  probably  the  home  of  the  true  cats,  as  it 
seems  to  be  to- day.  The  only  representative  of  them  in 
America  previous  to  Pliocene  times  was  PseudaduriM^  of 
which  genus  only  one  specimen  has  thus  far  been  found.  This 
genus  may  have  been  acquired  through  Oligocene  intermigra- 
tion,  and  the  genera  JElurogale  and  Machairodue  are  proba- 
bly European  descendants  of  American  forms. 

Any  attempt  at  a  phylogenetic  arrangement  of  the  Felid® 
must  coincide  with  the  occurrence  in  time,  the  order  of 
reduction  of  the  dental  series,  and  the  development  of  the 
individual  teeth,  particularly  the  sectorials.  It  is  proposed 
herein  to  show  that  there  is  a  succession  of  genera  of  the  two 
types  above  mentioned  which  meets  these  requirements. 

Of  the  Machaerodont  type  the  somewhat  problematical  form 
from  the  Bridger  described  by  Wortman  as  %  Patriofdif 
Uidyanus  is  the  most  primitive.  From  it  Dinictie*  is  deriv- 
able, through  the  reduction  of  the  size  of  the  postero-intemal 

*  D.  fortis  has  been  described  as  having  the  second  lower  molar  very  rudi- 
mental  In  a  specimen  in  the  American  Museum  this  tooth  is  absent  from  odo 
side.  In  D.  paucid^ns  described  by  Mr.  Riggs  in  the  Kansas  University  Quar- 
terly, April,  1896,  it  is  absent  from  both  sides.    The  dental  formula  of  Z>.  fotHi 

is  thus  M  — — ,  D.  paucidens  probably  being  a  synonym. 
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cusp  of  the  inferior  sectorial  and  a  modification  of  the  heel. 
Thus  is  reached  the  most  primitive  species  of  the  genus. 
Within  the  limits  we  can  trace  the  reauction  of  the  second 
inferior  molar  from  a  small  two-rooted  tooth  to  a  mere 
tubercle  and  finally  find  it  entirely  absent  in  D.  pkUycopis. 
The  genus  JBoplophonetts  is  well  separated  from  JJintotia 
through  the  development  of  an  anterior  basal  cusp  on  the 
superior  sectorial  and  the  loss  of  the  internal  cusp.  The  intemid 
cusp  had  already  shown  some  signs  of  reduction  in  certain 
specimens  of  DinictU  in  that  it  had  become  lower  and  less 
distinct.    Moreover,  Hoplophonevs  has  lost  the  second  inferior 

Sr^molar  and  within  the  genus  we  can  trace  the  reduction  and 
nal  disappearance  of  the  second  superior  premolar.  The 
postero-intemal  cusp  of  the  inferior  sectorial,  which  had 
shown  signs  of  variation  in  Dinictis^  is  absent  in  the  higher 
species  of  Hoplophoneus,  The  rapidly  diminishing  dental 
series  reaches  its  maximum  reduction  in  Eusmilus.  Of  this 
only  the  inferior  dentition  is  known.  It  differs  from  Hoplo* 
phoneus  occidentalia  in  the  loss  of  an  incisor,  the  reduction  of 
the  heel  of  the  sectorial  in  E,  hidentatus  and  its  absence  in 
jE*.  daJcotenns,  This  is  the  only  genus  in  which  the  incisors 
have  suffered  a  reduction  in  number,  although  in  some  speci- 
mens of  Hoplophonevs  the  internal  ones  are  much  rednced. 

With  the  formula  IfC|Pm|-M|  the  most  stable  form  of 
Machserodont  dentition  seems  to  have  been  reached,  since  it  has 
given  rise  through  the  addition  of  basal  cutting  lobes  to  genera 
which  persisted  until  Pleistocene  times.  The  genus  MachcBro- 
dus  differs  from  the  genus  Smilodon  in  having  a  second  basal 
lobe  developed  on  the  molar  series.  They  are  further  distin- 
guished by  the  fact  that  in  Smilodon  the  post-glenoid  and  post- 
tympanic  are  coossified.  The  absence  of  the  entepicondylar 
foramen  in  the  specimen  of  S.  necator  figured  by  Cope*  can- 
not be  considered  of  generic  importance  since  Burmeister  has 
shown  that  it  is  present  in  three  specimens  which  he  has 
described.f  Its  absence  in  the  case  above  mentioned  is  prob- 
ably due  to  individual  variation.  The  most  specialized ^enua 
as  regards  the  structure  of  the  teeth  is  Dinohastis,  In  Soplo- 
phoneus  the  internal  cusp  of  the  superior  sectorial  has  disap- 
peared and  tbe  root  supports  a  convex  buttress.  This  is  also 
the  case  in  Machcerodua  and  Smilodon^  but  in  Dinohaafia  even 
the  internal  root  has  disappeared.  The  incisors  also  present  a 
peculiarity,  which  is  seen  in  some  specimens  of  Machcerodvs 
and  Smilodon^  in  the  possession  of  minute  basal  cusps  and 
crenulate  margins.  With  this  genus  the  Macbserodonts  cul- 
minated in  specialization  of  tooth  structure  as   they  did  in 

•  Amer.  Nat.,  1880,  p.  857. 

f  Deeeription  physique  de  la  Republique  Argentine,  Text  in  Atlas,  p.  106. 

Am.  Joub.  Sox.— Fourth  Sbbibs,  Vol.  I,  No.  6.— Junb,  1896. 
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Mismilus  in  the  rednction  of  the  dental  series,  and  with  this 
form  they  become  extinct  although  it  is  probable,  judging  from 
fossil  remains,  that  the  dominant  genus  in  Pleistocene  times  was 
Smilodoiu 

The  ffenera  Archcelurua.  JEluroqale  and  NimraviLS  seem  to 
represent  specialized  forms  of  more  primitive  genera,  forming 
a  side  line  of  development.  Of  these  Archoslurus  is  most 
primitive.  It  is  not  directly  derivable  from  any  known  form 
nor  does  it  stand  ancestral  to  the  genera  of  Machserodoots 
previously  discussed.  The  superior  sectorial  consists  of  a  prin- 
cipal and  a  posterior  cusp.  There  is  a  slight  convexity  in  the 
position  occupied  by  the  anterior  basal  cusp  in  Hoplophoneu%, 
The  same  thing  is  seen  in  Niraravus^  but  it  does  not  develop 
into  a  true  cusp.  The  principal  cusp  has  a  convex  internal 
buttress  as  in  Hoplophonetis,  The  inferior  sectorial  consists  of 
an  anterior,  principal  and  posterior  cusp  or  heel.  From  this 
genus  JElurogale  could  be  derived  by  the  loss  of  the  first 
superior  premolar.  There  is  also  a  different  development  of 
the  canine,  the  tooth  becoming  longer,  recurved  and  acquiring! 
posterior  denticulate  margin,  rfimravua  differs  in  dental 
formula  from  ^lurogale  in  the  loss  of  the  second  inferior 
premolar.  The  canine,  however,  is  the  most  striking  feature 
of  this  genus :  it  is  nearly  straight  and  spike-shaped,  a  form 
which  is  seemingly  not  derivable  from  Jsiurogcde  but  rather 
from  ArchoBlurus.  ^lurogale  is  a  European  genus  and 
although  indicative  of  the  order  of  reduction  of  the  teeth  in 
this  small  and  seemingly  aberrant  group,  it  cannot  be  said  to 
occupy  an  intermediate  position  between  the  other  two  genera. 
These  three  genera  diner  from  other  Machaerodonts  in  the 
order  of  reduction  of  the  teeth,  all  having  retained  the  second 
inferior  molar.  This  tooth  is,  however,  on  the  point  of  disap- 
pearing in  Nimravus^  as  is  indicated  by  its  absence  on  one  side 
in  a  second  specimen  of  N.  gomphodus,  Archodurus  eyih\\A\& 
a  peculiarity  which  should  not  be  overlooked,  in  the  strange 
denection  or  exostosis  of  the  border  of  the  mandible  posterior 
to  the  molar  series.     Of  this  a  trace  is  seen  in  Nimravns. 

Of  the  true  cats  there  is  but  one  genus  which  is  known  only 
as  an  extinct  form,  namely  Pseudaslums.  JFelisy  L/yiix  and 
Cynmhtrus^  however,  are  known  as  fossils.  Pseudadurui 
presents  the  most  primitive  dental  formula  and  one  which  can 
oe  compared  with  Dinictis  as  regards  tooth  structure,  but 
it  differs  in  the  absence  of  the  second  inferior  molar. 
Pseii^dcdurus  probably  gave  origin  to  Felia  through  the  loss 
of  the  second  inferior  premolar.  Cynmlurus  differs  from 
Felis  in  the  absence  of  the  internal  cusp  of  the  superior  sec- 
torial and  the  somewhat  imperfect  retractility,  of  the  claws. 
It  forms  a  side  development  from  the  main  line  of  descent    In 
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the  genus  I^dis  there  is  a  tendency  to  the  loss  of  the  second 
superior  premolar,  it  frequently  being  absent  in  old  individuals. 
and  thus  is  indicated  the  probable  derivation  of  the  genus 
Lynx.  This  genus  occasionally  loses  the  superior  molar  and  so 
in  exceptional  cases  we  arrive  at  a  dentition  comparable  with 
that  of  EuBmilu%^  the  extreme  reduction,  however,  taking  place 
in  the  other  jaw.  In  several  species  of  Feli%  posterior  cutting 
lobes  are  added  to  the  premolars  and  an  anterior  basal  cusp  is 
indicated'  on  the  superior  sectorial.  Comparing  the  dentition 
with  that  of  Machoerodus  or  Smilodon^  it  differs  in  the  reten- 
tion of  the  internal  cusp  of  the  superior  sectorial  and  the 
presence  of  an  additional  superior  premolar. 

Phylogbny  op  the  Felid^. 

Present  systems  of  cldssiflcation. 

Cope,  in  his  publication  on  the  "Extinct  Cats  of  JSTorth 
America,"*  has  based  his  classification  upon  the  basi-cranial 
foramina,  making  two  families,  the  Felidse  and  Nimravidse, 
according  to  the  Following  definitions. 

Felidae. — No  distinct  carotid  foramen  nor  alisphenoid  canal, 
condylar  foramen  entering  the  foramen  lacerum  posterius.  No 
post- parietal  and  generally  no  post-glenoid  foramina. 

Nimravidfle. — Carotid  and  condylar  foramina  entirely  dis- 
tinct from  the  foramen  lacerum  posterias ;  an  ali-sphenoid 
canal  and  post-glenoid  and  post-parietal  foramina. 

This  classification  includes  Maehaerodont  members  in  each 
family.  Procdurus  is  considered  as  the  genus  from  which  the 
true  Felidse  may  have  been  derived  through  Pseudmlurus^  if 
indeed  these  two  genera  are  not  the  primitive  members  of  that 
family.  The  Machserodont  members  of  the  Nimravidse  are 
suggested  as  the  ancestors  of  the  FelidaB.  It  should  be  re- 
marked here  that  Cope's  classification,  based  upon  structural 
characters,  does  not  permit  of  a  phyletic  interpretation,  since 
the  families  as  constituted  by  him  are  of  polyphyletic  origin 
as  I  interpret  his  meaning. 

Zittelf  establishes  three  subfamilies,  the  Proselurinae,  Ma- 
chserodinfiB,  and  Felinse,  defining  them  as  follows  : 

Proflelurinae. — Dental  formula  f,  -J-,  \^  i,  lower  carnassial 
with  strong  cutting  talon  skull  elongated.  Lower  jaw  slender, 
small  in  front  with  curved  lower  border  ;  long-legged,  fore  and 
hind  feet  semi-digitigrade  and  pentadactyl. 

Machserodinse. — Dental  formula  ^^i  y  J^  7-.  Upper  canine 
lar^e  and  powerful,  saber-shaped,  compressed  with  anterior 
and  posterior  cutting  edges.     Front  pms  more  or  less  reduced. 

♦Cope,  Amep.  Nat,  1880,  p.  834. 
f  HaDdbuch  der  Paleontologie,  1893. 
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Upper  carnassial  with  or  without  anterior  basal  casp.  Lower 
carnaseial  with  talon.  Lower  jaw  flattened  at  symphysis 
and  separated  from  the  lateral  face  by  an  angle. .  Lower  boraer 
straight,  more  or  less  flared  down  in  front.  Feraar  frequently 
with  third  trochanter. 

FelinsB. — Dental  formula  f-  \  JrJ  {.  Canine  conical,  upper 
and  lower  of  about  the  same  size;  the  two  anterior  pms 
lost.  Upper  carnassial  with  strong  anterior  basal  cusp.  Lower 
camassial  without  talon.  Upper  molar  reduced,  lower  one  lost. 
Lateral  surface  of  mandible  not  separated  from  the  symphysis 
by  an  angle. 

The  ftoffilurinse  include  Procdurus  Fil.  and  Pseudcdurw 
Gerv.,  but  some  doubt  is  expressed  concerning  the  relations  of 
Proddurua.  From  the  creodont  PalcBonictia  he  derives  the 
MachsBrodinae,  using  Wortman's*  suggestion  in  this  respect, 
while  from  an  independent  source  in  tne  Creodpntia  he  derives 
the  Cryptoprocta  and  Felinse  through  Proaslurus, 

Schlosserf  in  AflPen  Lemuren,  u.  s.,  in  criticising  Filhol, 
expresses  the  opinion  that  PaevdoBlurus  edwardsi  is  a  true  cat, 
while  Proadurus^  Pseudcdurv^  intermedivs  and  the  prob- 
lematical Cryptoprocta  belong  to  another  line.  He  points  out 
clearly  the  Viverine  relationships  of  Procdurua  and  reiects 
it  as  a  probable  cat  ancestor;  otherwise  he  accepts  Cope's  classi- 
fication of  the  Felidfie. 

Proposed  phytogeny. 

As  will  be  seen,  these  authors  mutually  criticise  each  other. 
The  determination  of  the  relationships  of  Proaelums  removes 
the  possibility  of  its  being  the  ancestor  of  Pseudaelurus  and 
the  true  cats,  as  has  been  suggested  by  Cope,  and  also  destroys 
the  subfamily  Proailurinse  as  established  by  Zittel.  Tne 
unusual  method  of  classification  employed  by  Cope  and 
accepted  by  Schlosser  in  this  family,  wnereby  MachsBrodont 
genera  are  grouped  with  the  true  cats,  is  avoided  by  Zittel's 
subfamilies  Machaerodinae  and  Felinae.  These  two  subfamilies 
are  the  equivalents  of  the  Machserodontinsd  and  FelinsB  pro- 

{)Osed  by  6^ill:|:  and  his  classification  is  here  accepted,  sipce  it 
las  the  priority,  however  referring  Cynadurus  to  the  Felinse, 
inasmuch  as  the  separation  into  a  distinct  subfamily  Ouepar- 
dinsB  cannot  be  maintained.  The  points  upon  which  the  Gne- 
pardinse  was  established  are  the  non-retractility  of  the  claws 
and  the  absence  of  the  inner  cusp  of  the  superior  sectorial. 
The  claws  are  retractile  although  less  perfectly  so  than  in  other 

*  WortmaD,  Ancestrj  of  the  Felidse,  Bull.  Ann.  Mus.,  vol.  iy,  p.  94. 
f  Schlosser,  Affen  Lemuren,  u.  s.,  1887,  p.  420. 

I  Theodore  Gill,  Smithsonian  Miscellaneoua  Collection,  230,  Arrangement 'of 
the  Families  of  Mammals,  1872. 
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FelidsB,  and  the  absence  of  the  cnsp  is  not  of  sufficient  import- 
ance, as  wonld  be  judged  by  the  absence  of  the  same  character 
in  certain  of  the  Macnserodontinse. 

The  sabfamilies  may  be  defined  as  follows,  slightly  modify- 
ing Gill's  definitions : 

Machserodontinse ;  snperior  canines  large  and  powerfal, 
usually  saber-shaped  with  posterior  and  anterior  denticulate 
borders,  the  inferior  canine  not  greatly  exceeding  the  outer 
incisor.  Symphysial  portion  of  the  mandible  separated  from 
the  lateral  surface  by  an  angle,  the  anterior  inferior  border  of 
the  ramus  produced  into  a  flange  or  making  an  obtuse  angle 
with  the  symphysial  portion. 

Felinae. —  Canines  sub-conical  and  sub-equal,  inferior  and 
lateral  faces  of  ramus  continuous  with  the  symphysial. 

The  MachsBrodontinse  as  thus  constituted  include  a  group 
which  is  in  some  respects  intermediate  between  the  two  sub- 
families but  which  do  not  stand  ancestral  to  any  genera  of 
either  of  them  and  are  not  derivable  from  them.  They  are 
ArchcBlurus,  the  European  genus  ^lurogale  and  the  peculiar 
JVtmravus.  Archcdurus  and  JVimravt^  have  been  called  by 
Cope  the  "  false-sabre-tooths."  Archcelv/rua  in  general  appear- 
ance is  very  suggestive  as  to  what  was  the  probable  ancestor  of 
the  Machserodontinsd,  but  its  late  appearance  and  specialized 
tooth  structure  show  that  it  could  not  have  given  rise  to  any 
known  form  outside  of  the  genera  above  mentioned.  On  the 
removal  of  the  matrix  from  one  of  the  specimens  I  found  that 
the  internal  cusp  of  the  superior  sectorial  is  wanting  in  ArchcB- 
lurus.  The  same  also  proved  to  be  true  in  Nimravua^  although 
reported  as  present  in  each  by  Cope.  Moreover  the  postero- 
internal cusp  of  the  inferior  sectorial  is  wanting  in  JSimrar)u% 
and  probably  in  Archodurvs.  Thus  there  is  found  to  be  the 
same  tooth-structure  in  these  two  genera  that  is  seen  in  ^Ivr 
rogale.  It  is  therefore  demonstrated  that  although  the  denti- 
tions of  these  genera  are  more  primitive  as  regards  numbers, 
they  could  not  have  given  rise  to  other  Machserodonts  or  to 
the  Felinae.  These  three  genera  are  related  in  the  order  of 
the  reduction  of  the  dental  series,  the  character  of  the  man- 
dible and  the  structure  of  the  canines.  The  canines  of  ArGhm- 
Iv/ras  have  a  convex  anterior  border  and  a  posterior  cutting 
edge,  but  in  its  present  state  of  preservation  shows  no  signs  of 
denticulations.  The  canine  of  JElurogaU  has  the  posterior 
border  denticulate.  The  peculiar  spike-shaped  canine  of  Nimr 
ravu%  is  very  suggestive  that  this  genus  marks  the  end  of  an 
aberrant  phylum. 

The  subfamilies  stand  entirely  distinct  from  each  other  and 
well  separated  from  the  Creodonts.  In  the  subfamily  Machsero- 
dontinsd  there  is,  as  has  just  been  shown,  a  small  group  which 
stands    in    a    peculiarly    isolated   position.      There   is,  how- 
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ever,  a  specimen  which  may  be  considered  as  a  probable  ances- 
tral form  of  all  the  Machserodontinse  and  brings  them  a  step 
nearer  the  Creodouts.  It  is  the  jaw  fragment  from  the  Bridger 
Eocene  (number  11375  in  the  Princeton  Collections)  which 
Wortman  has  described  as  ?  Patriofelis  leidyantis  (Am.  Mus* 
Nat.  Hist.  Bull.,  1892)  as  a  probable  connecting  link  between 
the  Creodont  PoUeonictis  Siud  the  Felidse.  A  further  knowl- 
edge of  Patriofelis  induced  him  to  remove  it  from  that  genus 
(ibid.,  1894).  For  the  sake  of  reference  I  propose  the  generic 
name  jdSlurotherium.  JElurotheriumi  leiayanum^  following 
the  description  given  by  Wortman,  consists  of  a  jaw  fragment 
containing  the  third  and  fourth  premolars  and  the  first  molar 
or  sectorial.  It  also  bears  a  distinct  trace  of  the  alveolus  for 
the  canine,  the  position  of  which  is  such  as  to  preclude  the  pos- 
sibility of  there  being  more  than  three  premolars.  The  sec- 
torial, as  will  be  seen  irom  a  comparison  with  Dinictis^  presents 
the  same  elements  as  that  genus  but  has  a  much  better  devel- 
oped postero-internal  cusp  and  heel,  thus  fulfilling  the  require- 
ment of  an  ancestral  form.  From  what  can  be  judged  from 
the  wear  of  the  cusps  and  the  relation  of  the  teetn  in  the 
Felidse  it  seems  probable  that  it  possessed  the  dental  formula 
P|^M^  as  was  inferred  by  Wortman,  thus  exceeding  the  dental 
formula  of  Pinictis  by  a  premolar.  It  will  be  noted  that  the 
dental  formula  of  ^lurotherium  was  probably  more  primitive 
than  that  of  Archselurus,  thus  not  precluding  the  possibility  of 
its  being  ancestral  to  that  genus  also,  although  probably  quite 
removed  from  it. 

The  following  arrangement  according  to  subfamilies  expresses 
the  probable  line  of  descent  of  each  as  well  as  the  occurrence 
in  time  of  the  various  genera. 
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There  is  a  point  of  difference  among  the  two  sub-families 
rhich  shoald  be  discussed  here.  It  is  the  character  of  the 
tasi-cranial  foramina  which  was  made  by  Cope  a  basis  of  classi- 
cation.  The  arrangement  of  the  foramina  and  the  presence 
f  the  alisphenoid  canal  as  found  in  those  genera  which  he 
lade  to  constitute  the  Nimravidse  is  such  as  is  found  in  primi- 
Lve  forms.  It  is  not  unnatural  that  the  higher  forms  should 
ave  paralleled  each  other  in  the  loss  of  the  alisphenoid  canal 
nd  tne  disposition  of  the  foramina,  so  that  in  Smilodon  and 
^elis  we  find  the  same  conditions  although  the  two  genera 
epresent  the  most  specialized  forms  of  the  phyla  in  which  the 
asi-cranial  characters  are  known.  The  two  subfamilies  ex- 
ibit  a  most  remarkable  parallelism  in  development.  The 
►oint  of  divergence  from  a  common  ancestor  is  quite  removed 
rom  the  position  by  the  most  primitive  of  the  well  known 
;enera.  Indeed  it  is  not  impossible  that  the  Felidse  may  have 
lad  a  separate  origin  from  the  Creodonts,  but  our  knowledge 
f  their  early  relationships  is  too  meagre  to  justify  any  definite 
onclusions  on  this  point.  As  we  know  tnem  the  phyla  are 
listinct.  < 

The  following  key  for  determining  the  genera  of  the  Felidsd 
3  submitted,  ^lurotherium  not  being  well  known  is  con- 
rasted  with  DinictiSj  which  it  most  resembles  in  the  characters 
mown,  EvsmUus^  being  known  only  from  the  lower  denti- 
ion,  is  contrasted  with  Moplojphoneus, 

I.  Superior  canines  large  and  powerful,  usually  saber-shaped 
nth  posterior  and  anterior  denticulate  borders.  Inferior 
anine  not  greatly  exceeding  the  outer  incisor.  Mandible  with 
he  symphysial  portion  separated  from  the  lateral  by  an  angle, 
he  anterior  inferior  border  of  the  ramus  with  a  flange  or  mak- 
ng  an  obtuse  angle  with  the  symphysial  portion. 

Mach^rodontin^. 

A,  Anterior  inferior  border  of  mandible  with  an  obtuse  angle, 
a.  Superior  sectorial  without  internal  cusp. 

a,a.  Superior  canine  recurved  posterior  border,  not  den- 
ticulate. 

1.  Dentition  I|C|Pm|M^  ArchoeluruB. 

b,b.  Superior  canine  recurved  posterior  border,  denticulate. 

2.  Dentition  I|C  I  Pmf  Mi  ^^/wro^afe. 
c.c,  Superior  canine  sjptke  shaped. 

3.  Dentition  If C|PmjMi  Nimravus. 

B,  Anterior  inferior  border  of  mandible  with  a  flange. 
h,  Superior  sectorial  with  internal  cusp. 

d,a.  Inferior  sectorial  with  strong  postero-intemal  cusp 
and  talon. 

4.  Dentition  ?  If  C|Pmi>H  ^lurotherium. 

€,e.  Inferior  sectorial    with   small   postero-intemal  cusp^ 
talon  reduced. 
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5.  DeDtition  I|CJ|Pm|M^  DinieUa. 

c.  Saperior  sectorial  without  internal  casp. 

X^.  Anterior  basal  casp  of  saperior  sectorial,    incipient 
premolars  withoat  basal  casps. 

6.  Dentition  I|C|Praa^M|  Jloplophoneus. 

I.  Dentition  l/2C/lPm/lM/l  Busmilus. 

d.  Anterior  basal  cusp  of  superior  sectorial  well-developed, 

no  internal  cusp,  premolars  with  basal  lobes. 
ffff.  Superior  sectorial  with  single  anterior  basal  cusp,  post- 
glenoid  and  post-tympanic  processes  distinct. 

8.  Dentition  IfCf  f M|  MackcBrodus. 

hh.  Superior  sectorial  with  a  second  anterior  basal  cosp, 
post-glenoid  and  post-tympanis  processes  coOsfli- 
lied. 

9.  Dentition  IiC|Pmj|-M|  Smilodon. 

a.  Superior  sectorial  withoat  internal  root. 

10.  Dentition  probably,  like  SmilodoUy  IHnobastis, 

II.  Canines  sub-conical  and  sub-equal,  inferior  and  lateral 
faces  of  ramus  continuous  with  Bjmphjsial. 

Felinjs. 

£,  Anterior  and  inferior  borders  of  mandible  continuous. 

e.  Superior  sectorial  with  internal  cusp. 

II.  Dentition  IfCfPm}M|  Pseudcslurua. 

12.  Dentition  l|C|Pm^M|  FelU. 

13.  Dentition  l|Cf  Pm|MJ-Y^  Lf/rtx. 

f.  Superior  sectorial  without  internal  cusp. 

1 4.  Dentition  If  C|PraiM|  Cynadurus. 

EXPLANATION  OP  PLATES. 

Plate  X. 

Hoplophoneua  prinuBvus^  all  x  ^. 

PiOUBB  1. — Skull  (number  1 1013  Princetoo  Museum  restored  from  number  10540.) 

FiQURS  2. — 'Manua  (number  10741  Princeton  Museum.) 

FiODBB  3.— Pes  " 

FiauKE  4. — Femur  ** 

FiQUkE  6.— Ulna  and  radius      " 

flGURE  6.— Tibia  and  fibula       *' 

FIOUBE  7. — Humerus  " 

Plate  XI. 
Hoplopboncus  series,  all  x  i. 
Figure  1. — Hoplophoneus  oerebralis  (after  Cope.) 
Figure  2. —  "  oreodontis  (10515  Princeton  Museum.) 

Figures.—  "  primnv^us  (11013  Princeton  Museum.) 

FiGUBE  4. —  "  robustus  (650  American  Museum.) 

Figure  5. —  **  insolens  (11022  Princeton  Museum.) 

Figure  6.—  ''  occidentalis  (after  Williston.) 

Plate  XXL 
Dinictis  series,  all  x  ^. 
Figure  1.— Dinictis  squalidens  (11379  Princeton  Musenm.) 
Figure  2.—      '*      cyclops  (after  Cope.) 
Figure  3.—      «*      felina  (10972)  Princeton  Museum.) 

Figure  4.—      "      fortis  (10502  Princeton  Museum.)  [rerfwei) 

Figure  5. —      "      bracbyops   (Cope's   type,    Amer.    Mus.,    posterior  portioa 
Figure  6. —      "      platycopis  (after  Cope.) 
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Plate   XL 


HOPLOPHONEUS  SERIES,     X   ^. 
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Art.  L. — The  Age  of  the  Igneoue  Rocks  of  the  YeUow- 
stone  National  Park ;  by  Arnold  Hague,  of  the  U.  S. 
Geological  Survey. 


The  region  embraced  by  the  Yellowstone  National  Park 
and  the  aojoining  country  to  the  north  and  east,  has  been  a 
center  of  great  volcanic  activity.  By  far  the  greater  part  of 
the  surrounding  mountains,  ana  the  entire  park  plateau,  have 
been  built  up  by  the  pouring  out  of  vast  accumulations  of  vol- 
canic material.  The  region,  throughout  Tertiary  time,  was 
undoubtedly  the  most  active  center  of  eruptive  energy  to  be 
found  in  the  northern  Hocky  Mountains. 

Under  the  authorization  of  the  U.  S.  Geological  Survey, 
aided  by  an  able  corps  of  assistants,  I  have  carefully  studied 
the  geological  history  of  volcanic  eruptions  in  the  Park  coun- 
trv,  and  tne  order  of  succession  of  the  different  masses  of  lavas 
which  make  up  this  enormous  body  of  igneous  rocks.  To  a 
proper  understanding  of  the  geological  relations  of  these  vol- 
canic lavas  to  the  earlier  crystalline  and  sedimentary  rocks,  as 
well  as  their  relations  to  the  pre-existing  mountain  ranges,  a 
brief  sketch  of  the  geology  of  the  country  seems  necessary. 

In  all  the  mountain  ranges  which  surround  and  shut  in  the 
park,  at  least  a  nucleus  of  highly  crystalline  rocks  of  Archean 
age  is  exposed.  The  Tetons,  to  the  south,  consist  mainly  of 
an  Archean  mass,  which  towers  high  above  all  later  rock  for- 
mations. In  the  Absaroka  range,  stretching  along  the  entire 
east  side  of  the  park  and  formed  mainly  of  igneous  rocks, 
granites  and  schists  are  exposed  at  the  northern  end,  which 
soon  pass  between  the  later  lavas.  The  Snowy  range,  which 
shuts  in  the  park  on  the  north,  is  largely  made  up  of  Archean 
schists,  gneisses  and  granites,  associated  with  the  more  recent 
outbursts  of  lava.  In  the  Gallatin  range,  on  the  west,  a  body 
of  crumpled  gneisses  and  schists  form  the  nucleus  around 
which  have  been  built  up  a  complex  mountain  structure,  in 
which  the  volcanic  rocks  play  an  important  part  in  the  struc- 
tural features  of  the  mountams.  Resting  unconformably  upon 
these  Archean  bodies,  which  formed  either  a  broad  continental 
mass,  or  a  group  of  closely  related  islands,  occurs  a  great  thick- 
ness of  sedimentary  beds,  made  up  in  greater  part  of  material 
derived  by  the  slow  processes  of  denudation  of  the  earlier  con- 
tinental land  surfaces.  These  sediments,  thus  slowly  deposited, 
built  up  during  Paleozoic  and  Mesozoic  times  a  series  of  sand- 
stones, limestones,  and  shales  conformable  from  base  to  summit. 
The  basal  beds,  resting  directly  upon  the  Archean  rocks,  con- 
sist largely  of  siliceous  material,  passing  gradually  over  into  a 
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shaly  limestone,  carrying  a  fauna  characteristic  of  the  Middle 
Cambrian  period.  These  beds  have  been  designated  the  Flat- 
head formation.  Above  these  beds,  in  their  regular  order  of 
succession,  come  the  Upper  Cambrian,  Silurian,  Devonian,  Car- 
boniferous, Trias,  Jura,  and  every  grand  division  of  the  Cre- 
taceous recognized  in  central  Montana  and  northern  Wyoming, 
including  the  Dakota,  Colorado,  Montana,  and  the  Laramie 
sandstone  at  the  top. 

The  Montana  formation  exhibits  throughout  its  entire  devel- 
opment a  singularly  uniform  sandstone  epoch,  the  argillaceous 
beds  of  the  Pierre  shales  being  poorly  represented  other  than 
by  a  great  thickness  of  arenaceous  deposits.  The  overlying 
Laramie,  on  the  other  hand,  although  essentially  a  sandstone 
making  epoch,  indicates  frequent  and  abrupt  changes  in  its 
sedimentation.  Constantly  changing  beds  of  shales,  clays,  and 
impure  standstones,  aflford  abundant  evidence  in  their  mode 
of  occurrence,  that  the  material  forming  the  beds  was  deposited 
in  a  shallow  sea.  With  the  close  of  the  Laramie  sandstones, 
the  conformable  Paleozoic  and  Mesozoic  strata  came  to  an  end. 
The  entire  region  was  again  elevated  above  the  sea.  The  sedi- 
mentary beds  were  everywhere  uplifted,  and  very  large  areas 
tilted  up  at  high  angles.  A  profound  orographic  movement 
took  place  and  the  region  became  one  of  mountain  building  on 
a  grand  scale,  accompanied  by  plication,  folding,  and  faulting. 
It  was  this  movement  that  blocked  out  the  mountains  which 
surround  the  Yellowstone  Park  plateau,  and  indeed  all  ranges  of 
the  northern  Rocky  mountains.  It  has  been  designated  the  post- 
Laramie  movement.  This  orographic  disturbance  was  doubt- 
less coincident  with  the  similar  movements  described  by  Mr. 
S.  F.  Emmons  as  clearly  defined  in  Colorado,  though  in  the 
northern  country  no  unconformities  such  as  have  been  noted 
to  the  southward,  have  as  yet  been  definitely  recognized 
between  the  Middle  Cambrian  and  the  Laramie,  as  described 
by  Mr.  Emmons.*  This  limitation  of  the  Laramie  formation 
to  the  beds  at  the  top  of  the  upturned  conformable  series  of 
sediments,  is  the  line  of  demarcation  first  proposed  by  Mr. 
Clarence  King.f  It  is  in  accord  with  the  great  physical  break 
which  played  so  important  a  part  in  the  onildrng  up  of  the 
northern  Rocky  Mountains,  and  brought  to  a  close  a  period  of 
a  distinctly  marine  or  brackish  fauna. 

In  this  region  there  are  no  evidences  that  igneous  rocks 
played  any  part  during  Paleozoic  and  Mesozoic  times,  prior  to 
the  post-Laramie  movement.  There  are  no  intrusive  masses 
nor  mterbedded  flows  contemporaneous  with  the  deposition  of 

*  Orographic  Movement  in  the  Rocky  Mountains,  S.  F.   Emmons,  Bull  Geol. 
Soc.  Amer.,  vol.  i,  1890. 
f  U.  S.  Exploration  of  the  40th  Parallel,  SjHtematic  Qeology,  vol.  i,  p.  357. 
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ediments,  nor  are  there  any  beds  derived  wholly,  or  in  part, 
rem  volcanic  material  of  later  age  other  than  the  eruptive 
[laases  of  the  Archean.  On  the  other  hand,  as  will  be  shown 
Biter,  closely  following  and  possibly  coincident  with  the  Lara^ 
tiie  uplift,  came  the  lirst  outpouring  of  igneous  rocks,  which^ 
^ginning  in  late  Cretaceous  time,  continued  throughout  a  long 
period,  lasting  till  near  the  close  of  Tertiary  time.  With  the 
blocking  out  of  the  mountains,  which  accompanied  the  post- 
^ramie  movement,  a  largely  increased  continental  land  area 
vas  formed.  Coincident  with  this  elevation  of  the  land,  denu- 
lation  of  the  continental  mass  began,  and  deposition  of  fresh 
ediments  uncomformable  to  the  uplifted  Laramie  took  place. 
Within  the  park  region  such  sediments,  if  deposited,  were 
dther  carried  away  by  erosion  or  buried  beneath  outflows  of 
ater  igneous  rocks. 

Along  the  northern  slopes  of  the  Snowy  range,  about  45 
niles  north  of  the  park,  these  post-Laramie  sediments  were 
ieposited  several  thousand  feet  in  thickness  under  conditions 
ingularly  favorable  for  their  preservation. 

The  lowest  rocks  resting  directly  upon  these  upturned  sedi- 
nentary  beds,  are  largely  composed  of  friable  sandstones 
leriveci  from  the  degradation  of  the  Laramie  strata.  They 
ire  soon  followed  by  sands,  conglomerates,  clays,  and  grits, 
varying  greatly  in  texture  in  different  localities,  and  consisting 
nainly  oi  material  derived  from  the  disintegration  of  igneous 
ocks.  In  places,  they  consist  almost  wholly  of  coarse,  acid, 
indesitic  agglomerates,  which  attain  a  development  of  nearly 
J,000  feet  in  thickness. 

The  volcanic  nature  of  the  great  l>ody  of  this  material  was 
•ecognized  by  Mr.  Walter  H.  Weed,*  who  lirst  carefully 
tndied  it,  and  this  view  has  been  generally  accepted  by  all 
geologists  who  have  since  visited  the  region.  According  to 
tfr.  Weed,  the  beds  reach  a  maximum  development  of  nearly 
',000  feet  He  has  proposed  to  designate  tnem  as  the  Liv- 
ngston  formation,  after  the  town  on  the  Yellowstone  river 
vhere  they  are  well  exposed. 

Since  their  deposition  the  Livingston  beds  have  been  uplifted 
md  now  lie  inclined,  dipping  away  from  the  mountains,  hav- 
ng  taken  part  in  subsequent  orographic  movements  which 
jlevated  the  Rocky  Mountains.  The  limited  invertebrate  fauna 
>btained  from  these  beds  is  as  yet  too  restricted  to  be  of  any 
ipecial  value  in  determining  the  geological  position  of  the 
errane.  As  regards  the  flora,  however,  the  collections  which 
lave  been  made  from  time  to  time,  are  more  satisfactory  and 
lefinite  as  regards  specific  characters,  and  Prof.  F.  H.  Knowl- 

*  The  Laramie  and  OverljUig  LiviDgstoD  Formation  in  Montana,  U.   S.   Geol. 
JurvejBuIl.,  106. 
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ton  has  been  able  to  determine  a  distinct  Livingston  flora  higher 
than  the  Laramie,  but  far  more  closely  allied  to  a  Cretaceoofi 
than  a  Tertiary  flora.  The  importance  of  the  Livin^ton  for- 
mation in  the  geological  history  of  the  region  can  hardly  be 
over-estimated,  from  the  fact  already  pointed  ont  that  it  is  the 
earliest  occurrence  of  an  accumulation,  either  wholly  or  m 
part,  of  volcanic  material  following  the  uplift  of  the  Paleozoic 
and  Mesozoic  beds. 

To  the  east  and  north  of  the  Livingston  formation,  bot 
farther  removed  from  the  mountains,  occurs  a  still  later  series 
of  beds  made  up  of  the  disintegrated  sediments  of  the  earlier 
rocks,  iucluding  those  of  the  Livingston  formation.  Apparently 
they  are  identical  in  age  with  similar  deposits  found  near  the 
junction  of  the  Missouri  and  Yellowstone  rivers,  where  they 
m  all  probability  lie  upon  the  Laramie  sandstones  without  the 
intervention  of  any  beds  referable  to  the  Livingston  formation; 
at  least,  the  latter  have  not  as  yet  been  recognized  in  this 
locality.  These  beds  along  the  Missouri  and  Yellowstone 
rivers  have  long  been  designated  as  the  Fort  Union  formation, 
and  have  also  been  of  special  interest  on  account  of  their 
varied  fossil  flora,  first  carefully  described  by  the  late  Prof.  J. 
S.  Newberry.  This  Fort  Union  flora  is  now  generally  regarded 
as  of  Eocene  age. 

Seturning  to  the  immediate  region  of  the  Yellowstone 
Park,  the  Laramie  sandstones  are  found  at  a  number  of  locali- 
ties, but  neither  the  Livingston  nor  Fort  Union  beds  are  ex- 
posed, and  if  ever  deposited,  have  been  removed  by  erosion 
or  buried  beneath  later  igneous  outflows.  Subsequent  to  the 
post-Laramie  movement  and  after  a  very  considerable  erosion 
of  the  uplifted  sandstones,  volcanic  action  broke  out  with 
great  energy  in  the  Park  country. .  From  numerous  centers  of 
eruption  lavas  were  thrown  out,  submerging  broad  areas  of 
country.  Volcanoes  of  great  size  surrounded  the  Park  on  the 
east,  north,  and  northwest.  The  Absaroka  Kange  was  built  up 
by  the  pouring  forth  of  .vast  accumulations  of  volcanic 
ejectamenta,  burying  the  greater  part  of  the  earlier  range  be- 
neath many  thousands  of  feet  of  accumulated  lavas.  These 
volcanoes  followed  the  lines  of  orographic  movement  which 
took  place  at  the  close  of  the  Laramie,  &long  what  are  now  the 
Absaroka,  Snowy,  and  Gallatin  ranges.  To-day,  this  ancient 
center  of  eruption  lies  in  the  interior  of  the  continent  jast 
eastward  of  the  continental  watershed  which  separates  the 
waters  of  the  Atlantic  from  those  of  the  Pacific,  but  at  the 
time  this  vast  body  of  lavas  was  ejected,  they  built  up  a  re- 
markable chain  of  coast  volcanoes  along  the  western  shore-line 
of  a  gradually  retreating  ocean. 
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This  volcanic  energy  continued  throughout  a  long  period  of 
ime  with  intervals  of  comparative  rest,  as  shown  by  the  evi- 
iences  of  erosion  of  the  ejected  material,  and  followed  by  re- 
lewed  activity  in  the  outpouring  of  fresh  lavas.  In  many 
ocalities  in  the  world  the  age  of  volcanic  flows  has  been  more 
)r  less  definitely  determined  by  the  fortunate  preservation  ojf 
I  fauna  or  flora  in  some  lake  beds  formed  in  a  depression  or 
Misin  in  the  volcanic  rocks,  and  these  again  preserved  by  beds 
>f  later  compact  lava  or  mud  flows.  These  m  a  number  of  in- 
tances  determine  the  age  of  the  underlying  and  overlying 
lows,  but  are  of  slight  value  in  determining  toe  relative  age 
if  other  eruptions  in  the  adjoining  regions.  It  is  doubtful  if 
my  region  in  the  world  furnishes  a  more  complete  geological 
•ecord  of  volcanic  eruption  from  beginning  to  end  throughout 
K>  long  a  period  of  time  as  the  Yellowstone  Park  and  the  ad- 
joining mountains. 

As  regards  the  problem  connected  with  the  relative  age  of 
the  different  masses  of  igneous  rocks,  the  prosecution  of  the 
work  has  been  greatly  advanced  by  the  field  study  of  the 
»o-called  fossil  forests  and  the  many  localities  where  a  varied 
flora  has  been  well  preserved  in  the  tuffs  and  waterlain 
deposits.  The  mode  of  occurrence  of  the  beds  carrying  a  fossil 
flora  has  been  carefully  examined  and  large  collections  made 
from  time  to  time.  Prof.  Lester  F.  Ward  and  Prof.  F.  H. 
Knowlton  passed  the  season  of  18S7  in  the  Park.  In  the  fol- 
lowing year,  Professor  Knowlton  accompanied  me  to  the  field 
for  the  purpose  of  collecting  from  all  the  known  localities, 
adding  largelv  to  the  store  of  material  previously  obtained. 
All  these  collections  were  submitted  to  him  for  study,  and  his 
results  when  published  will  form  an  important  chapter  in  the 
monograph  upon  the  Yellowstone  Park,  soon  to  be  published 
by  the  u.  S.  Geological  Survey. 

All  references  in  this  paper  to  the  genera  and  species  found 
here  are  based  upon  the  identifications  of  Professor  Knowlton. 

The  oldest  extrusive  flows  recognized  in  the  Park  are  a 
series  of  light- colored  coarse  breccias  and  fine  tuffs  composed 
of  homblende-andesite,  and  hornblende-mica  andesite,  varying 
greatly  in  texture  and  physical  habit,  but  grouped  together 
under  the  general  description  of  early  acid  breccias  and  flows. 
It  is  evident  that  they  were  thrown  out  from  different  centers 
of  eruption,  and  in  every  instance,  so  far  as  can  be  told,  they 
were  tne  earliest  eruptions  from  those  recognized  centers.  In 
general,  these  early  acid  breccias  occur  as  relatively  small 
isolated  bodies  exposed  by  erosion  of  the  later  rocks.  In  this 
way  they  occupy  the  bottom  of  the  deep  valley  of  Cache 
Creek  in  the  Absnroka  Range,  they  are  found  in  the  deeper 
gorges  of  Tower  Creek  basin,  and   are  found  as  far  westward 
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as  Sepulchre  Mountain.     They  are,  however,  best  exposed  in 
the  northwest  corner  of  the  Park  on  both  sides  of  the  Yellow- 
stone Kiver,  where  the   overlying  lavas   have  undergone  the 
greatest  amount  of  denudation.     Here  they  rest  directly  upon 
tne  Archean  rocks  of  the  Snowy  Range,  and  in  sharp  contrast 
to  the  later  lavas  carry  a  large   amount  of  crystallinegneisees 
and  schists  imbedded  in  the  breccias.     On  Crescent  Hill,  jnst 
south  of  the  Yellowstone  River,  these  early   acid  breccias  are 
well  shown  over  1,000  feet  in  height,  in   a  steep  slope  facing 
northward.     The  finer    tuffs,    ashes,    and    miid    flows    have 
afforded  exceptionally  favorable  conditions  for  the  growth  and 
preservation   of  a   rich   and   varied  flora.     At  Crescent  Hill, 
Elk  Creek,  and  on   both   banks  of  the  Yellowstone  River,  be- 
low  the  mouth   of  Elk  Creek,  large  collections   of  plant  re- 
mains  were   obtained,    which   have  since  been    studied    by 
Professor  Knowlton.     From  this  abundant  flora  he  has  identi- 
fied 19  species,  of  which  42  species  are  either  new  to  science 
or  now  specifically  determined.     Of  the  remaining  37  species 
that  have  been  found  elsewhere,  17,  or  nearly  one-half  of  them, 
are  already  known  in  beds  belonging  to  the  Fort  Union  for- 
mation.    Of  the  remaining  species,   5   come   up  from    the 
Laramie,  5  are  found  in  the  Livingston  and  Denver  beds,  and 
11  species  are  also  common  to  the  Auriferous  Gravels  of  Cali- 
fornia.    This  flora  from   the   acid   breccias  is   otherwise  so 
closely  allied  to  early  Tertiary  forms  that  Professor  Knowlton 
has  no  hesitation  in  referring  the  entire  group  to  the  Eocene 
period,  and  correlating  it  with  the  Fort  Union  horizon. 

The  following  characteristic  species  have  been  determined 
from  the  acid  breccias :  Saptndus  ofiinie,  Cornus  acuminata^ 
Populue  specioaa^  Sequoia  couttsiw,  AspleniuTn  tnagnnm, 
Taxites  ulriki^  Populus  daphnogenoidee^  Populus  xanthdi- 
iheuma^  Betula  iddingsii^  Jragus  undulatay  Aralia  notaia. 
This  reference  to  the  Eocene  is  in  accord  with  the  geological 
evidence  which  makes  these  andesitic  lavas  carrying  the  flora 
younger  than  the  Livingston  formation,  and  among  the  earliest 
of  the  extrusive  rocks  of  the  Park. 

Overlying  this  group  of  early  acid  breccias  comes  a  great 
accumulation,  in  places  several  thousand  feet  in  thickness,  of 
volcanic  ejectamenta,  and  also  like  the  earlier  rocks,  made  op 
of  coarse  and  fine  material  presenting  great  difiEerences  in 
texture  and  physical  habit,  whose  character  is  determined  in 
great  part  by  their  mode  of  occurrence  and  the  distance  from 
tneir  sources  of  eruption.  Like  the  early  acid  breccias,  they 
have  been  grouped  together  into  one  series  representing  a  dis- 
tinct phase  of  the  volcanic  phenomena  of  the  region.  Unlike 
the  earlier  breccias,  however,  they  are  distinctly  basic  in  com- 
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position  and  consist  mainly  of  homblende-pjroxene-andesites, 
pyroxene-audesites,  and  basalts. 

By  far  the  greater  part  of  this  erupted  material  is  formed  of 
coarse  agglomerates,  somber  in  color,  with  interbedded  sheets 
of  compact  basalt  varying  in  extent,  and  of  greater  or  less 
thickness.  These  basic  breccias  cover  large  areas  of  country, 
extending  from  the  Gallatin  Kange  westward  across  the  Snowy 
Range,  along  the  nothem  border  of  the  Park.  They  consti- 
tute nearly  all  the  northern  portion  of  the  Absaroka  Banse. 
Indeed,  they  may  be  said  to  cover  the  greater  part  of  me 
northwest  comer  of  the  Park.  Over  this  extensive  area  the 
basic  breccias  are  only  seen  in  a  few  localities  restinjs:  directly 
upon  the  earlier  acid  rocks,  but  where  exposed,  they  are  for 
the  most  part  easily  recognized  by  their  sharp  contrast  in 
color,  texture,  and  mineral  composition.  In  places  along  their 
contact  the  acid  breccias  show  evidence  of  considerable  erosion 
before  the  pouring  out  of  basic  flows,  but  in  other  localities 
they  exhibit  a  transition  from  one  series  of  rocks  to  the  other 
and  occasionally  a  mingling  of  both  groups. 

On  the  ridge  about  one  mile  south  of  Yanceys  Station  and 
within  a  short  distance  of  Elk  Creek,  and  again  near  Lost  Creek, 
these  basic  rocks  lie  directly  upon  the  acid  rocks  in  a  series  of 
fine  agglomerates  and  mud  flows.  The  acid  rocks  present  a 
very  niUy  and  uneven  surface,  with  the  basic  rocks  frequently 
lying  at  a  lower  level  and  occupying  depressions  in  the  older 
lava. 

Possibly  in  some  instances  erosion  washed  down  the  softer 
material  from  both  series  of  rocks,  causing  a  mingling  of  both 
acid  and  basic  lavas,  and  rendering  it  impossible  to  discrimi- 
nate between  beds.  Apparently  similar  conditions  prevailed 
on  the  opposite  side  of  the  Yellowstone  River  along  the  north- 
em  escarpment  of  Specimen  Ridge,  extending  eastward  as  far 
as  Crystal  Creek,  where  both  series  of  rocks  are  again  seen 
together.  It  is  evident  that  the  belt  of  country  including  the 
localities  mentioned  was  at  one  time  favorable  to  a  vigorous 
and  varied  vegetable  growth. 

At  a  number  of  localities  the  same  flora  occurs,  carrying 
well  preserved  leaf  impressions,  together  with  silicified  trunks 
of  trees  still  standing  firmly  planted  in  the  muds  and  breccias. 

The  flora  from  this  limited  area  contains  30  species,  of  which 
18  are  new  to  science.  Only  2  of  the  new  species  are  found 
in  the  acid  breccias,  and  only  3  have  been  collected  from  the 
basic  breccias.  Nine  of  the  species  identified  are  common  to 
both  acid  and  basic  breccias.  Of  the  species  previously 
described  as  occurring  elsewhere  than  in  the  Park,  most  of 
them  have  a  wide  geological  and  geographical  distribution, 
ranging  from  the  Laramie  well  up  through  the  Miocene.     The 
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following  species  may  be  mentioned  as  characteristic  of  this 
horizon  :  Platanvs  montana^  Quercus  yanceyi^  XMurinoxylan 
cmtethyatenium^  Populoxylon  wardii. 

For  the  present  this  group  of  plant  remains  has  been  pro- 
visionally designated  the  intermediate  flora,  as  according  to 
Professor  Knowlton,  it  possesses  many  distinct  featnres  oi  its 
own,  yet  appears  as  a  transition  flora  between  that  of  the  acid 
rocks  and  tne  flora  of  the  basic  breccia  which  is  of  later  age. 
This  flora  has  been  referred  to  the  Lower  Miocene. 

Directly  to  the  south  of  the  region  where  both  types  of  rock 
occur  together,  the  acid  breccias  suddenly  disappear,  and  later 
flows  bury  everything  beneath  an  enormous  mass  of  baric 
lava.  In  the  deep  ravines  cut  in  the  abrupt  escarpments  along 
tKe  south  and  west  side  of  Lamar  Valley,  lies  the  famous  Fos- 
sil Forest  of  the  Yellowstone  Park.  The  ravines  or  gorges 
expose  to  view  vertical  sections  nearly  2,000  feet  in  thickness 
across  the  bedded  agglomerates,  mud^ows,  and  basalt  sheets  of 
these  early  basic  breccias.  From  the  base  of  the  breccias  as 
exposed  along  the  valley,  nearly  to  their  summit  on  the  top  of 
Specimen  Ridge  the  beds  carry  abundant  evidences  of  an 
extinct  fossil  flora.  They  have  so  far  yielded  70  species,  more 
than  one-half  being  new  to  science  and  described  by  Professor 
Knowlton  for  the  nrst  time.  Those  species  that  are  identified 
as  belonging  to  both  the  acid  and  basic  breccias  are  mainly  such 
species  as  have  a  wide  geological  distribution. 

This  flora  Professor  Knowlton  regards  as  distinctly  different 
from  that  of  the  acid  breccias,  and  of  much  later  age.  In  the 
identiflcation  of  species  and  in  its  affinities  it  bears  a  close 
resemblance  to  the  flora  of  the  Auriferous  Gravels  of  Califor- 
nia. It  has  been  referred  to  the  Upper  Miocene  period,  and 
named  the  Lamar  flora.  The  following  species  are  selected  as 
characteristic  of  the  Lamar  horizon :  Plata/nus  guiUdmo^ 
Laurus  californica^  MdgnoUa  spectabUis,  Planera  longifo- 
lia^  Magnolia  cuJ/veri^  Aralia  wKiineyi. 

The  flora  presents  many  of  the  same  general  characteristics 
throughout  the  2,000  feet  of  beds,  which  were  derived  wholly 
from  eruptive  material.  It  has  been  found  impossible  as  yet 
to  discriminate  between  the  flora  of  the  lowest  beds  and  those  at 
the  top.  This  would  indicate  much  the  same  climatic  and 
physical  conditions  during  the  entire  time  required  for  the 
accumulation  of  such  a  mass  of  volcanic  material  with  its 
accompanying  flora  buried  beneath  successive  layers  of  tu£b 
and  muds.  That  there  were  long  periods  of  rest  during  the 
piling  up  of  this  material  is  evident  from  the  great  size  of  the 
trees,  wnose  trunks  are  still  standing  at  different  elevations  in 
the  lavas. 
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On  both  sides  of  the  Yellowstone,  stretching  from  Crescent 
0111  to  Junction  Butte,  occur  several  isolated  exposures  of  an 
icid  lava,  remnants  of  a  much  more  extensive  body,  the 
greater  part  of  which  has  been  carried  away  by  erosion.  Along 
me  Yellowstone  Valley  denudation  of  the  overlying  material 
lias  been  so  excessive  that  the  relations  of  these  acid  rocks  to 
>ther  igneous  rocks  are  somewhat  obscure.  In  many  instances 
^t  would  be  impossible  to  make  out  their  geological  position, 
as  they  lie  completely  isolated  from  other  lavas.  In  some 
instances  they  have  been  preserved  from  erosion  by  cap  pings 
of  basalt,  but  the  age  of  these  basalt  flows  is  by  no  means  iden- 
tical. They  have  been  grouped  together  and  designated  trachy- 
tic-rhyolite,  from  certain  resemblances  in  mineral  composition 
to  both  these  types  of  igneous  rocks,  although  it  can  not  be 
stated  definitely  that  they  all  belong  to  the  same  period.  For 
the  present  they  have  been  correlated  as  being  contemporaneous 
in  age,  and  are  regarded  by  the  writer  as  of  later  age  than  the 
series  of  early  acid  and  basic  breccias. 

As  regards  their  geological  relations  to  other  eruptive  masses 
and  the  general  sequence  of  lavas,  they  play  an  unimportant 
part,  and  for  the  purposes  of  the  present  paper,  which  deals 
more  especially  with  the  age  and  duration  of  volcanic  energy 
in  this  region,  they  are  of  slight  interest,  being  limited  in 
amount,  covering  small  areas,  and  carrying  no  evidences  of  a 
fossil  flora. 

Resting  directly  upon  tlfe  irregular  surfaces  of  the  early  basic 
breccias  comes  a  succession  of  distinctly  bedded  basalt  flows, 
which  in  places  have  attained  an  aggregate  thickness  of  nearly 
1,000  feet.  They  cap  several  of  the  higher  ridges  of  the 
Absaroka  Range,  and  on  the  west  side  of  the  Lamar  Valley 
west  of  the  Range,  they  present  a  grand  escarpment  forming 
the  abrupt  wall  of  Mirror  plateau.  From  this  plateau  the 
basalts  stretch  southward  and  eastward,  sharply  defining  the 
series  of  early  acid  and  basic  breccias  from  later  accumula- 
tions of  igneous  rocks.  These  basalts  have  been  designated 
early  basalt  flows,  as  they  mark  a  distinct  period  in  the  geolog- 
ical history  of  the  volcanic  eruptions,  although  flows  oi  basalt 
frequently  occur  in  the  older  breccias. 

Following  these  early  basalts  comes  a  second  series  of  acid 
and  basic  breccias  similar  in  mode  of  occurrence,  mineral  com- 
position, and  in  the  varying  manifestations  of  the  different 
phases  of  eruptive  energy.  Apparently  the  centers  of  volcanic 
action  moved  southward  and  tne  later  series  of  acid  and  basic 
breccias  built  up  the  western  portion  of  the  southern  half  of 
the  Absaroka  Range.  Unlike  the  early  acid  breccias,  the  late 
acid  breccias  are  not  so  deeply  buried  beneath  the  more  recent 
lavas,  but  form  the  tops  of  several  high  peaks,  and  cover  large 
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areas  along  the  sammit  of  the  range.  The  late  basic  breccias 
buried  in  great  part  the  late  acid  breccias,  and  in  tarn  bnilt  up 
the  extreme  southern  end  of  the  Absaroka  Range,  or  at  least 
that  portion  lying  within  the  limits  of  the  Yellowstone  Park 
The  basic  breccias  stretch  southward  far  beyond  the  bounda- 
ries of  the  park,  and  constitute  the  top  of  the  Wind  River 
plateau,  which  serves  to  unite  the  Wind  River  and  Absaroka 
Kanges.  In  places  the  late  basic  breccias  are  shown  in  precip- 
itous cliflEs,  exposing  a  thickness  of  over  2,000  feet  of  volcanic 
material.  Unlike  the  early  acid  and  basic  breccias,  neither  the 
late  acid  nor  basic  breccias  have  as  yet  yielded  any  valuable 
contribution  to  our  knowledge  of  an  extinct  flora.  Fragments 
of  silicified  wood  are  common  enough,  but  as  yet  no  bed  of 
tuflEs  or  fragmental  material  has  been  found  to  carry  a  well- 
preserved  nora.  Occasionally  fragmental  impressions  of  stems, 
twigs,  and  leaves  have  been  collected,  but  they  are  too  poor  for 
specific  identification  and  of  no  special  significance  for  com- 

Earative  purposes.  It  may  be  said  that  the  Absaroka  Range 
as  nowhere  as  yet  afforded  any  important  plant-bearing  beds, 
the  localities  furnishing  the  material  lying  to  the  westward  of 
the  range. 

Penetrating  both  the  late  acid  and  basic  breccias,  and  conse- 
quently of  later  age,  occurred  extensive  outflows  of  hornblende- 
mica-andesite.  As  these  dense  rocks  withstand  atmospheric 
agencies  better  than  the  underlying  breccias,  they  often  form 
the  summit  of  isolated  peaks  in  the  more  elevated  portions  of 
the  range.  These  hornblende-mica-andesite  flows  denote  a 
distinct  period  in  the  phases  of  volcanic  phenomena  in  the 
Absaroka  Range. 

After  the  cessation  of  volcanic  energy  which  built  up  the 
vast  pile  of  andesitic  and  basaltic  breccias  and  flows,  a  long 
period  of  erosion  followed.  An  enormous  amount  of  material 
was  swept  away.  Broad  valleys  and  deep  canyons  were  carved 
out  and  the  present  mountains  outlined  somewhat  as  they 
appear  to-day.  Then  with  renewed  activity  volcanic  eruption 
again  broke  out  and  immense  masses  of  rhyolite  were 
ejected.  These  rhyolite  flows  changed  the  depressed 
basin  lying  between  the  mountains  which  surround  the 
Park  into  an  elevated  plateau,  the  lavas  accumulating  to  a 
thickness  of  nearly  2,000  feet.  The  appellation  of  Park  Pla- 
teau has  been  given  to  this  striking  physical  feature  which  em- 
braces an  area  not  less  than  50  miles  in  length  and  40  miles  in 
width.  On  all  sides  the  lower  slopes  of  the  pre-existing  ranges 
were  buried  beneath  rhyolite,  and  in  some  instances  the  deeply 
eroded  valleys  in  the  andesitic  breccias  of  the  Absaroka  range 
were  partially  filled  by  the  later  rock.  Underlying  the  rhyo- 
lite at  one  or  two  localities  occur  limited  flows  of  basalt  and 
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igain  thin  interbedded  sheets  of  basalt  are  foand   in  the  upper 
portion  of  the  rhyolite,  but  in  general  the  great  body  of  rock 

E resents  a  singularly  uniform  mass  over  tne  entire  plateau. 
Towhere  have  any  aqueous  deposits  or  accumulations  of 
detrital  material  between  successive  flows  been  recognized. 
Neither  have  any  marked  evidences  of  erosion  or  long  intervals 
3f  conxparative  rest  been  observed  during  the  pouring  out  of 
these  rnyolites.  Although  no  plant  remains  or  invertebrate 
fossils  have  as  yet  been  obtained  associated  with  the  rhyolites 
^f  the  park,  they  have  been  referred  on  other  evidence  to  the 
Pliocene  period. 

Along  the  abrupt  wall  of  the  grand  canyon  of  the  Yellow- 
stone, just  north  of  Tower  Creek,  occurs  a  bed  of  coarse  con- 
glomerate, made  up  of  Archean  and  andesitic  material.  On 
the  west  side  of  the  canyon  the  conglomerates  rest  directly 
upon  andesitic  breccias.  On  both  sides  of  the  canyon  the  con- 
glomerate is  overlain  by  basaltic  flows  in  which  columnar 
itructure  is  well  developed.  In  the  conglomerate  on  the  west 
wall,  and  directly  beneath  the  overlying  basalt,  a  few  vertebrate 
remains  have  been  collected,  which,  though  fragmentary,  were 
sufficient  to  enable  Prof.  O.  C.  Marsh  to  determine  them  as 
(belonging  to  the  skeleton  of  a  fossil  horse  of  Pliocene  time. 
A  careful  search  of  the  canyon  conglomerate  failed  to  find  any 
pebbles  of  rhyolite  mingled  with  the  other  material,  showing 
3onclusively  that  none  was  present  in  the  immediate  region 
when  the  conglomerate  was  deposited,  as  the  configuration  of 
the  drainage  basin  is  such  that  had  any  rhyolite  been  present, 
3vidences  of  it  would  have  been  detected  in  the  waterlain 
material.  The  basalt  on  both  sides  of  the  canyon  is  covered 
t)y  rhyolite,  a  portion  of  the  great  rhyolite  field  in  all  proba- 
bility belonging  to  the  earlier  flows  of  this  period. 

After  the  cessation  of  the  rhyolite  came  the  final  phase  of 
volcanic  activity,  the  pouring  out  of  the  recent  basalts.  They 
Dccur  along  the  northern  and  western  boundaries  of  the  Park, 
skirting  the  outer  edges  of  the  rhyolite  mass,  where  in  broad, 
but  comparatively  thin,  sheets  they  overlie  the  former  rock. 
They  are  admirably  shown  in  the  region  of  Bunsen  Peak  and 
Gardiner  River  but  are  best  developed  in  Falls  River  basin, 
stretching  far  westward  into  Idaho  in  somber,  monotonous 
t)eds.  Occasionally  dikes  of  basalt  penetrate  the  rhyolite,  as 
shown  in  the  escarpment  of  Madison  canyon,  but  in  the  broad 
sentral  portion  of  the  Park  plateau  outflows  of  basalt  are 
aotirely  wanting,  even  near  such  a  powerful  center  of  eruption 
18  the  Sheriden  volcano.  Upon  the  cessation  of  these  recent 
iMualtic  outflows,  after  a  long  period  of  activity,  eruptions  of 
[gneons  rock  in  this  region  came  to  an  end.  That  this  activitv 
lasted  throughout  the  greater  part  of  Pliocene  time  seems  well 
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established,  but  there  is  no  evidence  of  itscontinaance  into  the 
Pleistocene.  Slight  outbursts  of  lava  may  have  reached  the 
surface  at  different  times  after  the  coming  in  of  the  Pleisto- 
cene, but  there  is  no  direct  evidence  that  such  was  the  case* 
If  they  did  break  out  they  were  limited  in  extent  and  were 
only  evidences  of  continued  internal  heat,  such  as  is  shown  by 
the  hydrothermal  phenomena  for  which  this  region  is  still  so 
celebrated. 

The  facts  brought  together  here  clearly  demonstrate  that 
the  pouring  out  of  igneous  rocks  began  with  the  post-Lararoie 
uplift  or  closely  followed  it,  and  from  the  time  of  the  first 
appearance  of  these  rocks,    volcanic   eruptions  continued  with 

S eater  or  less  energy  throughout  Tertiary  time.  It  is  evident 
at  from  the  time  of  the  post-Laramie  uplift  there  was,  as 
shown  in  the  geological  history  of  the  region,  a  succession  of 
events  of  great  importance  in  the  development  of  the  Rocky 
Mountains,  and  that  each  period  of  this  history  was  character- 
ized by  distinct  phases  of  volcanic  phenomena.  The  great 
value  of  paleobotany  as  an  aid  in  determining  the  age  of  the 
geological  formations  is  singularly  well  illustrated  in  the  re- 
gion under  discussion.  At  least  five  distinct  and  important 
geological  periods  are  defined  by  their  fossil  flora,  and  tour  of 
them  are  exposed  in  the  Park  within  a  few  miles  of  each 
other.  Along  the  abrupt  west  wall  of  Mt.  Everts,  the  Larannie 
sandstones  contain  several  species  of  plants,  suflBcientlv 
characteristic  to  determine  the  Laramie  age  of  the  beds.  It 
has  been  shown  that  the  Livingston  formation  resting  uncon- 
formably  upon  the  Laramie  carries  a  distinct  flora,  well  defined 
from  the  Laramie  below  and  the  Fort  Union  above. 

About  ten  miles  east  of  Mt.  Everts  the  early  acid  andesitic 
breccias  contain  a  varied  Eocene  flora,  referred  to  the  Fort 
Union  formation.  At  a  number  of  localities  within  a  few 
miles  of  Crescent  Hill,  the  breccias  afford  a  special  grouping 
of  fossil  plants  designated  as  the  Intermediate  flora,  and  re- 
garded as  more  closely  related  to  the  Lamar  than  to  the  Fort 
Union  flora.     They  have  been  referred  to  the  Lower  Miocene. 

Above  these  latter  beds  in  a  great  development  of  basic 
breccias  occurs  a  flora  referred  to  the  Upper  Miocene  period. 
It  has  been  named  the  Lamar  flora,  and  correlated  with  the 
Auriferous  Gravels  of  California,  with  which  it  is  closely 
allied. 

The  following  table  may  serve  to  bring  out  more  clearly  the 
relationships  between  the  different  geological  formations  and 
the  floras  which  characterize  them  : 
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Formation. 

Flora. 

Age. 

Basic  breccia. 
Intermediate  brecciaa. 
Acid  breccia. 
Agglomerates,  Waterlain 

igneoos  material 
Sandstone. 

Lamar. 

Intermediate  flora. 
Fort  Union. 
Liyingsion. 

Laramie. 

Upper  Miocene. 
Lower  Miocene. 
Eocene. 
Cretaceous. 

Cretaceous. 

In  a  thin  bed  of  conglomerate  exposed  by  the  cutting  of  the 
g^rand  canjon  of  the  Yellowstone,  vertebrate  remains  of  a 
fossil  horse  were  discovered,  sufficient  to  determine  the 
Pliocene  age  of  the  deposit.  Upon  this  conglomerate  rests 
khe  great  body  of  rhyolite  and  the  still  later  basalt.  Soon 
ifter  the  dying  out  of  these  recent  basalts  climatic  conditions 
changed  and  the  Yellowstone  Park  was  covered  by  glacial  ice 
which  distinctly  marked  the  coming  in  of  Pleistocene  time. 


Abt.  LI. — On  the  Occurrence  of  PoUucite^  ManaanO'Colura- 
bite  and  Microlite  at  JRumford^  Maine  /  by  H.  W.  FooTE. 

During  the  spring  of  1885,  Mr.  E.  ^.  Bailey  of  Andover, 
Maine,  sent  to  ProiT  S.  L.  Pentield  for  identification  some 
specimens  from  Black  Mountain,  Rumford,  Me.  Among 
knese,  one  which  had  the  appearance  of  ordinary  white  quartz 
or  beryl  proved  to  be  the  very  rare  and  interesting  mineral 
pollucite.  The  following  summer,  the  locality  was  visited  by 
Professor  Pentield  accompanied  by  Mr.  Bailey  and  a  supply  of 
pollucite  and  its  associated  minerals  was  obtained. 

The  minerals  occur  in  a  ledge  of  coarse  pegmatite  which  has 
been  worked  without  success  for  gem  tourmalines,  but  the 
locality  is  of  unusual  mineralogical  interest  and  the  work  has 
been  continued  to  some  extent  for  specimens.  In  addition  to 
[juartz,  feldspar  and  muscovite,  which  are  crystallized  on  a  large 
scale,  there  were  found  pink,  green  and  white  tourmalines  m 
imbedded  crystals,  pink  lepidolite,  both  granular  and  in  crys- 
tals, with  hexagonal  outline,  spodumene  occasionally  in  crys- 
tals but  usually  only  in  cleavage  masses,  amblygonite  rather 
abundant  and  in  cleavage  masses  only,  beryl  not  verv  common, 
cassiterite  rather  abundant  as  irregular  masses  and  rarely  in 
small  but  distinct  crystals,  black  columbite,  pollucite  and,  very 
rarely,  mangano-columbite  and  microlite. 

Pollucite. 

Pollucite  has  previously  been  found  in  the  United  States  at 
Hebron,  Me.,  where   it   was  disccrverpd  l^y  Mr.  Loren  B.  Mer- 
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rill  while  mining  for  gem  tourmalines.     A  full  description  of 
this  occurrence  together  with  an  analysis  and  a  discussion  of 
the  chemical   composition   of  the  mineral  has  been  given  by 
Prof.  H.  L.  Wells.*     The  material  at  Hebron  was  all  found 
as   loose   pieces   in    two  cavities,   while   at  Rnmford,  which 
is   about  thirty  miles   north  of  Hebron,  it  is  found  intimately 
associated  with  quartz,  albite,  muscovite,  tourmaline,  lepidolite 
and  spodumene.     The  specimens  are  not   very  attractive  in 
appearance  as  neither  the  pollucite  nor  the  associated  mineral^ 
with   the   exception   of   tourmaline,   occur   well   crystallized. 
The  irregular  masses  of  pollucite  are  sometimes  quite  large,  so 
that,  for  example,  for  a  distance  of  ten  centimeters  there  will 
be  continuous  pollucite.     Small   particles  of  the  mineral  are 
colorless  and  perfectlv   transparent,  but  the  masses  look  as  if 
they  had  been  crushed  and  the  appearance  is  therefore  white. 
The  quartz  at  the  locality  is  mostly  smoky  so  that  it  is  readily 
told  from  the   pollucite   at  a  glance,   but  some  of  it  is  quite 
white,  and  then  it  is   almost   impossible  without   physical  or 
chemical   tests   to   distinguish    tiie  two   minerals    apart.     A 
great  deal   of  credit  is   due  to  Mr.  Bailey   for  having  ob- 
served that  the  pollucite  was  something  diflferent  from  quartz, 
which  needed  investigation. 

Although  occurring  in  masses  of  considerable  size,  the 
pollucite  is  not  very  abundant,  but  it  is  hoped,  now  that  the 
mineral  has  been  identified,  that  it  will  be  more  carefully 
looked  for  and  saved.  It  is  possible  and  even  quite  probable 
that  pollucite  is  not  at  all  a  rare  mineral  at  the  tourmaliue 
and  lepidolite  localities  in  Maine,  but  has  been  overlooked  as 
it  resembles  quartz  so  closely  and  does  not  occur  in  character- 
istic crystals. 

Material  for  a  chemical  analysis  was  separated  in  a  very 
pure  condition  by  means  of  the  potassium  mercuric  iodide 
solution.  That  which  was  used  for  the  analysis  ranged  in 
specific  gravity  between  3*029  and  2*938,  a  difference  of  0-091. 
Wells  gives  2*986  and  2*976  for  the  mineral  from  Hebron. 
The  method  of  analysis  was  as  follows : 

The  substance  was  digested  with  strong  hydrochloric  acid 
for  several  hours  until  completely  decomposed.  The  silica 
and  alumnia  were  then  determined  in  the  usual  manner. 
The  filtrate  from  the  alumnia  precipitation  was  evaporated 
to  dryness  and  ammonium  salts  driven  off  with  extreme 
caution.  The  chlorides  of  the  alkalies  were  dissolved  in  very 
little  hydrochloric  acid  and  enough  lead  chloride  added  to 
combine  with  all  the  caesium  to  form  the  salt  Cs,PbCl,.t 
Chlorine   was   then   passed   into  the  hot  solution  which  wa^ 

•This  Jour.  Ill,  xli,  p.  213,  1891. 
t  Ibid.,  xlvi,  p.  186,  1893. 
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gradoally  cooled,  finally  with  ice.  This  operation  removed 
nearly  all  the  caesium,  which  was  filtered  on  a  Gooch  crucible, 
washed  with  hydrocliloric  acid  saturated  with  chlorine,  dried 
at  100®  and  weighed  as  Cs^PbClj.  The  filtrate  was  evapo- 
rated to  dryness,  the  residue  taken  up  in  water,  the  lead  re- 
moved with  hydrogen  sulphide  and  the  potassium  and  re- 
maining caesium  precipitated  and  weighed  as  platinum 
chlorides.  The  platinum  was  then  determined,  from  which 
the  potassium  and  caesium  were  calculated.  Lithium  and 
sodium  were  freed  from  platinum  and  separated  with  amyl 
alcohol.  Only  a  trace  of  rubidium  could  be  detected  by 
the  spectroscope. 

Water  was  determined  by  strong  ignition  of  the  substance 
over  a  powerful  blast  lamp. 

Following  are  the  results  of  the  analyses,  together  with  the 
analysis  of  tne  mineral  from  Hebron,  by  Wells  : 

10.  Hebron. 

•727        900  43-61 

165        2-03  16-30 

36-10 


I. 

II. 

Average. 

Rfl 

SiO, 
A1,0, 

43-75 

43-54- 

43-64 

16-77 

16-90 

16-84 

C8,0 

36-25 

36-03 

36-14 

-128^ 

K,0 

0-33 

0-42 

•037 

-004 

Na,0 

2-06 

2-11 

2-09 

•033    ' 

Li.O 

0-03 

0-13 

0-08 

-003 

H,0 

1-57 

1-59 

1-58 

^ 

-168 


2-07  -48 

1-68 
•05 
-082        1-01  1-50 

CaO— 0-22 


100-76  100-72  100-74 


99-84 


The  results  of  the  analyses  are  remarkably  close  to  those  ob- 
tained by  Professor  Wells  and  the  ratio  which  is  nearly 
9:2:2:1  gives  the  formula  H,Cs^Al^(SiO,),  as  deduced  by 
him. 

In  a  recent  article,  "  On  the  Constitution  of  the  Silicates,"* 
Clarke  has  discussed  the  constitution  of  pollucite  and  con- 
sidered two  formulae,  one,  H,C8,Al,SijO,„  deduced  from  the 
analysis  of  the  mineral  from  Elba  by  Rammelsberg,  the  other 
that  of  Wells,  The  latter  had  shown,  however,  very  con- 
clusively that  his  formula  was  correct  and  that  it  agreed  better 
with  the  results  of  the  earlier  analysis  than  did  that  of 
Rammelsberg,  and  this  new  analysis  fully  substantiates  his 
view. 

Many  thanks  are  due  Professor  Wells  for  his  many  helpful 
suggestions  as  to  methods  of  analysis. 

*Bull  U.  S.  Geolog.  Survey,  No.  125,  p.  31,  1895. 
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This  mineral  is  found  in  imbedded  crystals  which  are  sel- 
dom over  lO""  long.  The  color  is  a  dark  reddish  brown, 
very  cloeelv  resembling  that  of  rntile.  The  available  material 
was  not  Bumcient  for  a  qaantitative  analysis,  bat  a  qaalitative 
examination  showed  the  the  presence  of  manjt;aneee,  tantalam 
and  niobium.  A  specific  gravity  determination  on  0-3242'' 
of  material  taken  very  carefully  on  a  chemical  balance  gave 
6-44,  which  would  indicate  a  chemical  composition  about  mid- 
way between  a  niobate  and  tantalate  and  near  that  of  the  man- 
gano-columbite  from  Branchville,  aoalyzed  by  Oomstock.* 


The  crystals  show  a  considerable  variation  in  habit,  being 
Tisnally  prismatic  in  the  direction  of  the  c  axis,  fig.  1,  some- 
times lengthened  parallel  to  a,  fig.  2,  while  occasionally  tbey 
are  about  equally  developed  in  all  directions.  Thev  show  a 
very  good  cleavage  parallel  to  b,  010.  The  forma  which  were 
observed  are  similar  to  those  found  on  colnmbite  and  are  ab 
follows: 


a,   100 

m,  110 

/.  102 

u,  133 

ft,  010 

g,  130 

e,  021 

ff,  121 

rf,  730 

k,   103 

0,  111 

n,  163 

Tbey  gave  a  few  excellent  reflections  which  served  to  es- 
tablish the  lengths  of  the  crystallographic  axee.  The  valoei 
are  given  below,  together  with  the  axes  for  colnmbite  as  de- 
termined by  E.  S.  Dana-t 

MaugaDo-Columbite.  ColunbitB. 

m^m,  llO,^^10  =  79"  47'  70*17' 

/,%/,       102yvI02=:5S    40  66    iV 

&:b:  e  =  0-8358  :  1 :  0-8817  0-6S85  : 1 :  0-8898 

The  variation  in  the  ratios  is  undonhtedly  due  to  a  change 

of  both  acid  and  base,  the  measurement  by  Dana  having  been 


*This  Journal,  xix  p.  131,  I 


t  ZeitHchr.  Enrrt.  xii,  p.  266,  1886. 
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made  on  colnmbite  from  Standish,  Me.,  having  a  specific  grav- 
ity of  6*65,  and  which  according  to  the  analysis  of  Allen*  con- 
tains only  a  little  tantalam  and  manganese. 

Several  forms  gave  rather  unsatisfactory  reflections.     Some 
of  the  measored  and  .calculated  angles  are  as  follows  : 


Calculated  for 

Calculated. 

Measured. 

Columbite. 

f  rsf'y 

102/^102=    65° 

40' 

66° 

40'* 

66° 

28' 

k  ^  A:', 

103 /N 103=    38 

47 

38 

62 

39 

23 

d  /\  d"\ 

730^730=    39 

25 

39 

66 

39 

6 

110y^lI0=    79 

47 

79 

47* 

79 

17 

9  ^9^^ 

130a130  =  136 

31 

136 

61 

136 

10 

9  /<9'y 

130/nI*^0=    43 

29 

44 

6 

43 

60 

e  ^e\ 

02l/v021  =  120 

67 

121 

20 

ni  /s  0, 

110/vlll  —    36 

oi 

35 

56 

36 

38 

o  /s  o\ 

111^111=     76 

44 

77 

29 

o  ^o";, 

lll/xlll=    62 

30^ 

62 

27i 

n  A^n\ 

121/vl21  =    56 

0 

66 

3 

66 

30 

n  ^  7t   ^ 

12lysl2l  =  101 

2 

100 

59 

n  A.  n\ 

163aI63-     19 

42 

19 

64 

n-^  n'", 

163ysl63  =  118 

0 

118 

20 

u  ^  u'^', 

133^133=    79 

32 

One  variation  from  columbite  shown  by  the  habit  of  these 
crystals  is  that  the  formy*,  which  is  the  predominating  one  at 
the  termination  of  all  of  the  crystals,  is  of  rare  occurrence  and 
has  previously  been  observed  only  with  slight  development  on 
columbite. 

JIdicrolite, 

Very  beautiful  crystals  of  microlite  averaging  2™™  in  diam- 
eter of  a  honey-yellow  color  and  high  luster  are  found  spar- 
ingly at  the  locality.  The  prevailing  form  is  the  octahedron, 
modified  by  the  dodecahedron  and  sometimes  by  the  icositetra- 
hedron,  113.  The  habit  is  then  very  much  like  that  of  the 
pyrochlore  figured  on  page  762  of  the  sixth  edition  of  Dana's 
Mineralogy.  The  specific  gravity,  taken  by  Professor  Penfield 
on  0*2642  gr.  of  material  was  found  to  be  5*17,  which  is  some- 
what low  for  microlite  and  due  probably  to  the  presence  of  a 
little  more  niobium  than  usual.  A  qualitative  analysis  indi- 
cated the  presence  of  calcium  and  of  tantalum  in  considerable 
excess  over  niobium. 

In  closing,  I  wish  to  express  my  thanks  to  Professor  Penfield 
for  his  kind  assistance  during  the  entire  investigation  and  to 
Mr.  Bailey  for  a  generous  supply  of  the  rare  and  interesting 
minerals  from  this  locality. 

Laboratory  of  Mineralogy  and  Petrography, 
Sheffield  Scientific  School,  New  Haven,  November,  1896. 

♦Zeitschr.  Kryst,  xii,  p.  272,  1886. 
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Art.  LII. — A  Device  for  Simplifying  the  Drawing  of 

Crystal  Forms ;  by  A.  J.  Moses. 

In  a  former  article*  I  described  a  graphic  method  for  obtain- 
ing any  axial  cross  from  any  projection  of  the  isometric  axes 
by  nse  of  a  quadrant  and  scale ;  any  axial  length,  sine  or  cosine 
being  measured  on  the  scale  and  quadrant  and  laid  off  on  the 
vertical  axis  and  the  proportionate  length  obtained  on  any 
other  line  through  the  center  by  connecting  the  ends  and 
drawing  a  line  parallel  to  the  connecting  line  from  the  point  on 
the  vertical  axis,  -tfecessarily  the  vertical  axis  was  either  the 
length  of  the  radius  of  the  quadrant  or  proportionate  dividers 
were  used. 

The  method  is  niade  still  simpler  by  laying  off  all  measure- 
ments upon  a  "scale  line"  drawn  at  will  from  the  centre  of 
the  axial  cross  and  of  a  length  equal  to  the  radius  of  the  quadrant 
and  by  using  a  metal  quadrant  shown  in  fig.  1,  the  center  of 


1. 


2. 


which  is  at  B.  The  edge  AB  and  the  arc  AC  are  tapered  to  a 
thin  edge  for  greater  exactness  in  marking.  With  AB  ten 
centimeters  long  the  results  will  be  correct  within  the  limits  of 
a  drawing. 

Axial  iQugths  are  transferred  directly  from  AB  to  the  scale 
line  approximately  to  the  third  decimal.  Sines  and  cosines 
are  transferred  as  follows.  If  the  edge  BC  and  the  scale  line 
are  made  coincident  and  then,  by  use  of  a  triangle,  the  quadrant 
is  slid  along  in  a  direction  at  right  angles  thereto  (BC  remain- 
ing parallel  to  the  scale  line)  until  the  scale  line  cuts  the  arc  at 
the  given  degree  and  approximate  minute,  the  intercept  on  the 
scale  line  will  be  the  sine.  Similarly  with  the  edge  AB  coin- 
cident with  the  scale  line  and  a  motion  at  right  angles  thereto, 
the  intercept  on  the  scale  line  will  be  the  cosine. 

*  School  of  Mines  Quarterly,  xv,  214-218. 
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All  measarements  are  transferred  to  other  lines,  as  above 
described,  by  lines  parallel  to  the  direction  bet\^een  the  ends 
of  the  scale  line  and  the  unit  line.  The  device  can  also  be 
nsed  in  the  measurements  needed  in  obtaining  edge  directions* 

Fig.  2  represents  the  construction  of  the  axial  cross  of  a 
monoclinic  crystal   in   which    a  :  b  :  c= 1*092  : 1  :  0*589   and 

j9=74°  10'.  XX  YT  ZZ  is  the  isometric  axial  cross;  OS  is  the 
scale  line.  Oh  is  sine  74°  10'  when  radius  is  OS  and  trans- 
ferred to  OY  is  On ;  Od  is  cosine  74*^  10'  when  radius  is  OS 

and  transferred  to  OZ  is  Or;  by  completing  the  parallelogram  t 
and  O^  result.  For  the  axial  lengths,  Oi  is  1*092  times  OS  and 
Oe    is    0*589    times    OS    and    transferred    are    respectively 

Oa=l*092xO^  and  O^=0*589xOZ. 

Munich,  March  16,  1896. 


Art.  LIII. — Concerning  Crooks  Tvhes  ;  by'C.  C.  Hutchins 

and  F.  C.  Robikson. 

We  would  offer  the  following  contribution  to  the  rapidly 
increasing  literature  on  the  X-rays  of  Rontgen.  It  has  to  do 
with  a  part  of  the  subject  upon  which  very  little  has  been 
written,  and  for  that  reason  may  be  helpful  to  other  experi- 
menters. 

One  of  the  chief  difficulties  in  the  way  of  experimenting 
has  been  the  cost  of  the  bulbs  or  tubes.  We  have  proved  to 
our  own  satisfaction  that  the  making  of  them  need  not  be 
beyond  the  resources  of  the  ordinary  laboratory ;  for  within  a 
few  weeks  time  we  have  made  and  tested  more  than  one  hun- 
dred tubes,  and  have  frequently  made  one  and  exhausted  it  and 
used  it,  all  within  an  hour's  time.  All  that  is  required  is  some 
little  skill  in  glass-blowing  and  in  the  manipulation  of  the 
pump. 

The  glaee. — A  hard  German  glass,  or  its  equivalent,  free 
from  lead,  has  proved  the  best.  It  gives  a  strong  green  fluo- 
rescence under  the  action  of  the  current,  and  what  is  of  great 
importance,  resists  without  softening  the  heat  generated  by  the 
cathode  ray  at  its  point  of  impact.  Unfortunately  it  is  not  to 
be  had  free  from  bubbles,  and  these  are  the  cause  oi  the  destruc- 
tion of  many  tubes ;  the  glass  being  chipped  away  into  the 
bubble  by  the  action  of  the  current  and  the  tube  ruined.  It  is 
also  rather  difficult  to  put  in  the  electrodes  so  that  they  will 
stay,  and  it  may  be  necessary  to  use  three  kinds  of  glass, — ^first 
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the  tube  itself,  then  a  bit  of  softer  glass,  and  upon  that  very 
soft  lead  glass  for  the  seal. 

Shape  of  the  tube. — A  good  tnbe  shoaid  throw  shadows  as 
sharp  as  possible  and  develop  the  rajs  as  powerf  ally  as  possible. 
It  should  easily  appear  that  the  ordinary  spherical  form  meets 
neither  of  these  conditions. 

To  produce  a  sharp  shadow  the  radiant  must  be  small.  It 
was  found  that  a  picture  could  be  taken  upon  any  side  of  a 
spherical  bulb :  making  it  probable  at  least  that  the  entire  sur- 
face is  a  source  of  radiation. 

In  the  matter  of  strong  action  also,  the  spherical  form  is 
inferior.  This  is  for  two  reasons : — ^first,  glass  more  or  leas 
extinguishes  the  rays  according  to  its  thickness,  therefore,  the 
larger  the  bulb  the  more  opaque  it  must  be,  for  it  must  be 
thick  enough  to  stand  the  atmospheric  pressure. 

Secondly:  there  is  a  comparatively  large  amount  of  radiant 
or  conducting  matter  within  the  spherical  bulb  which  diffuses 
the  energy  of  the  discharge. 

Proof  of  the  second  point  was  obtained  as  follows.  A  moder- 
ately thick  bulb  about  three  inches  in  diameter  was  blown, 
and  upon  this  a  spot  one  inch  across  was  blown  out  very  thin, 
forming  a  smaller  nemispherical  bulb  upon  the  first.  Opposite 
this  thm  window  was  the  concave  cathode.  This  bulb  proved 
better  than  the  ordinary  sort,  but  far  inferior  to  tubes  about  to 
be  described.  A  second  experiment  was  made  with  a  tnbe 
blown  thin  along  one  side  lor  a  space  of  three  inches,  and 
opposite  this  was  the  cathode  in  the  form  of  a  quarter  cylinder. 
The  performance  of  this  was  also  inferior. 

Without  going  into  the  details  of  many  similar  experiments, 
it  will  be  suflScient  to  say  that  we  have  found  that  a  simple 
straight  tube  from  one-half  to  one  inch  in  diameter,  having  a 
small  and  very  thin  bulb  for  a  cathode  window,  has  given  the 
most  satisfactory  results.  In  length  it  may  be  from  four  to 
eight  inches.  The  bulb  may  be  blown  at  the  bottom  of  the 
tube,  the  cathode  placed  at  the  top,  and  the  anode  across  the  tube 
just  above  the  bulb.  Better  results  are,  however,  produced  by 
using  a  bit  of  platinum  foil  for  an  anode,  inclining  it  about 
forty-five  degrees  to  the  cathode  ray.  In  this  case  the  small 
bulb  may  simply  be  blown  out  upon  the  side  of  the  tube  and 
the  electrodes  put  in  at  the  two  ends,  so  that  the  cathode  ray 
will  be  reflected  into  the  bulb. 

Shape  and  disposition  of  the  electrodes, — We  have  made  the 
cathode  in  the  form  of  a  wire,  a  flat  plate,  a  convex  plate  and  a 
concave  plate.  The  concave  form  proves  the  best  in  every 
case.  We  have  made  it  of  varying  size,  up  to  an  inch  or  more 
in  diameter,  and  have  not  come  to  any  conclusion  as  to  which 
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fl  best.    It  is  very  difficult  to  have  other  conditions  sufficiently 
iniform  to  enable  one  to  ludge,  where  diflferences  are  small. 

We  have  made  the  anode  in  the  form  of  a  wire  of  alnminnm, 
I  flattened  strip  of  it,  and,  as  stated  above,  in  the  form  of  a 
platinum  reflector.  As  yet  we  have  got  our  best  results  from 
;be  platinum.  One  rather  interesting  result  obtained  was, 
that  when  the  anode  was  in  the  form  of  an  aluminum  disc 
parallel  to  the  cathode  and  nearly  large  enough  to  close  the 
tube,  it  gave  little  or  no  interference  with  the  X-ray.  We 
made  one  on  a  hinge  so  that  it  could  be  swung  out  of  the  path 
:>f  the  ray  or  in  at  pleasure,  and  the  effect  on  the  photographic 
plate  was  the  same  in  either  position.  ' 

Source  of  the  rays, — Being  able  to  construct  tubes  of  any 
form,  we  have  made  many  experiments  as  to  the  source  of  the 
rays,  whether  from  the  cathode  or  anode.  One  was  in  this 
way  : — Two  tubes  were  joined  together  parallel  so  that  they 
were  exhausted  together.  The  cathode  rays  could  be  made  to 
pass  down  one  tube  and  the  anode  rays  (if  such  existed)  down 
the  other,  and  either  screened  off  at  will.  We  found  that  the 
anode  rays  affected  the  plate  but  slightly,  and  that  practically 
all  the  enect  came  from  the  cathode. 

Intejisity  of  effect, — We  do  not  intend  to  convey  the  impres- 
sion that  these  home-made  tubes  we  have  described  are  simply 
good  enough  for  experiment  and  valuable  from  their  cheap- 
ness. We  believe  also  that  they  are  more  effective  than 
others.  We  have  made  good  negatives  of  bones  of  the  hand, 
arm,  including  the  elbow,  foot,  ankle,  etc.,  all  with  remarkably 
short  exposures;  have  taken  impressions  perfectly  distinct 
through  nine  inches  of  wood  in  less  than  five  minutes;  have 
taken  perfectly  the  bones  of  the  hand  through  thin  sheet 
zinc  in  two  minutes  and  through  the  slide  of  the  plate  holder 
in  five  seconds.  The  ordinary  coin  and  key  impression  require 
not  over  one  or  two  seconds  with  our  best  tubes. 

Remarks  upon  pumping, — The  interest  in  the  subject  at 
present  may  make  some  remarks  upon  pumping  here  in  place, 
most  of  all,  since  many  have  found  great  difficulty  in  this 
respect. 

it  is  here  supposed  that  the  pump  has  a  three-way  cock 
above  its  bulb,  opening  in  its  two  positions  between  the  bulb 
and  fork  and  the  bulb  and  outer  air ;  and  that  above  this  three- 
way  cock  are  one  or  two  cocks  of  the  ordinary  kind.  Let  the 
three- way  cock  be  called  A,  the  others  B  and  C  in  order. 
Let  the  position  in  which  A  puts  the  bulb  in  communication 
with  the  fork  be  position  1 ;  and  that  in  which  it  puts  the 
bulb  in  connection  with  B,  C,  and  the  outer  air,  position  2. 
The  ordinary  process  of  pumping  with  the  use  of  A  alone  is 
supposed  to  be  understood.     After  a  greater  or  less  number  of 
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strokes  it  is  observed  that  no  more  air  is  obtained.  The  pnmp 
contains  air,  however,  condensed  upon  the  glass  walls.  To 
remove  this  A  is  put  in  position  2,  and  the  mercury  raised 
until  a  drop  passes  B.  B  is  then  shut  and  the  mercuiy 
dropped  until  only  a  drop  remains  above  A.  A  is  then  shnt 
and  the  movable  mercury  tank  dropped  to  its  lowest  point, 
when  A  is  put  in  position  1.  Pumping  now  goes  on  as  before 
only  with  B  shut,  and  the  tank  is  raised  only  a  third  as  hiffh 
as  before.  After  four  or  five  strokes  it  is  well  to  pass  tSe 
mercury  again  above  B. 

If  the  Highest  possible  degree  of  exhaustion  is  desired  this 
process  can  be  repeated  between  B  and  C,  but  this  is  not  neces- 
sary in  exhausting  a  Crookes  tube. 

As  soon  as  the  stage  of  pumping  with  B  shut  is  reached,  the 
tube  which  is  being  exhausted  must  be  strongly  heated,  mov- 
ing the  lamp  flame  over  every  part  of  it,  and  after  two  or  three 
strokes  more  the  current  from  the  coil  is  turned  into  the  tube. 
By  the  combined  action  of  the  heat  and  current  the  occluded 
air  is  driven  from  the  glass  and  exhaustion  proceeds  rapidly. 
It  should  not  occupy  over  twenty  or  thirty  mmutes  for  a  mod- 
erate sized  tube. 

Allowing  the  tube  to  cool,  if  short  sparks  can  be  drawn  from 
the  bulb  and  there  is  little  or  nothing  to  be  seen  in  it  except 
green  light,  the  exhaustion  is  complete.  There  is  danger  of 
carrying  it  too  far,  for  the  vacuum  very  much  increases  during 
the  first  hour  that  the  tube  is  used ;  but  of  these  matters  a 
little  experience  is  the  best  teacher. 

Searles  ScieDoe  Laboratory,  Bowdoin  College,  Maj  6,  1896. 
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Akt.  LIV. — JResea/rches  on  the  Rontgen  Rays;  by  Alfred 

M.  Mayer. 

COHTENTB:  i.  The  R&ntgen  rays  cannot  be  polarized  by  passing  through 
herapathite.  2,  The  density  of  herapathite.  3,  The  formulas  of  transmis- 
sion of  the  ROntgen  rays  through  crovm  glass,  aluminum, ,  platinum,  green 
tourmcUine  and  herapathite,  ^.  The  actinic  action  of  the  Rdntgen  rays  varies 
inversely  as  the  square  of  the  distance  of  the  sensitive  plate  from  the  source  of 
the  rays. 

1.   The  ROntgen  rays  cannot  be  polarized  by  passing  through 

herapathite. 

Herapathite  is  an  iodo-Bulphatc  of  quinine,  discovered  by 
W.  B.  Herapath  in  1852,*  and  named  herapathite  by  Haidinger. 
Herapath  gives  several  formula  for  its  production.  The  one 
which  succeeded  the  best  with  me  in  giving  crystal  plates  of 
lar^e  area  is  contained  in  Phil.  Mag.,  Nov.  1853.  It  is  as 
follows : 

Bisulpbate  of  quinine 3*24  grams. 

Pyroligneous  acid b^"^^ 

Alcohol  (95  per  cent) 66" 

Solution  of  iodine  (1  grm.  in  11"  alcohol)  50  drops. 

The  bisulphate  of  quinine  is  added  to  the  mixture  of  pyro- 
ligneous acid  and  alcohol  and  heated  to  55^  C,  and  then  the 
iodine  is  added  drop  by  drop  while  constantly  stirring  the  solu- 
tion. The  vessel  containing  the  solution  is  then  placed  on 
several  layers  of  thick  felt  resting  on  a  firm  support  to  prevent 
vibration,  and  it  thus  remains  about  18  hours  at  a  temperature 
of  8°  C.  At  the  expiration  of  that  time  large  crystals  will 
generally  be  seen  floating  on  the  surface  of  the  liquid,  the 
majority  being  at  the  bottom  of  the  vessel.  The  solution 
gives,  of  herapathite,  only  -^  of  the  weight  of  bisulphate  of 
quinine. 

As  suggested  by  Herapath,  a  microscope  cover  glass  is 
cemented  to  the  end  of  a  glass  rod,  with  its  plane  at  right 
angles  to  the  rod,  and  is  carefully  brought  under  the  floating 
crystal,  very  slowly  brought  up  to  it  and  the  crystal  is  thus  se- 
cured on  the  surface  of  the  glass.  The  mother  liquid  is  then 
absorbed  from  the  glass  by  blotting  paper.  If  several  crystals 
are  desired  on  a  cover  glass,  a  glass  tube  closed  by  the  finger  is 
brought  over  the  crystals  at  the  bottom  of  the  vessel,  the  finger 
removed,  then  replaced  and  the  tube  taken  out  of  the  liquid. 
The  crystals  are  allowed  to  sink  into  the  drop  at  the  end  of  the 
tube  by  holding  the  latter  for  some  time  in  a  vertical  position  ; 

•Phil.  Mag.,  Mar.  1852 
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the  drop  is  then  brought  in  contact  with  a  cover  glass.  This  is 
the  manner  in  which  I  placed  on  the  glass  discs  and  blotting 
paper  the  plates  of  herapathite  used  in  my  experiments. 

Rontgen  has  shown  that  generally  the  lower  the  density  and 
always  the  thinner  the  substance  the  less  it  screens  frpm  a  pho- 
tographic plate   the  action  of  the  X-rays.     Herapathite  is, 
thereiore,  eminently  fitted  as  the  substance  on  which  to  make 
experiments  which  are  to  decide  whether  the  X-rays  can  or 
cannot  be  polarized  by  having  traversed  crystals  which,  like 
herapathite  and  tourmaline,  transmit  only  one  polarized  beam, 
the  other  being  absorbed  by  the  crystal,  for  the  density  of 
herapathite  is  1*557  and  plates  of  only  -012"™  thick  are  sufficient 
to  answer  the  question.     When  crystals  of  herapathite  -012°°* 
thick  have  their  optic  axes  crossed  at  90*^  these  crossed  portions 
viewed  against  incident  light  appear  black,  so  powerful  is  the 
polarizing  property  of  this  substance.     If  the  X-rays  be  polar- 
izable  these  black  portions  should  act  like  thick  lead  and  com- 
pletelv  screen  the  sensitive  film  from  the  action  of  the  X-rays. 
The  lact  is  that  the  crossed  herapathites  do  not  screen  the  a- 
rays  any  more  than  the  herapathites  do  when  superposed  plates 
have  their  axes  parallel.     In  the  latter  case  the  crystals  freely 
transmit  light  with  a  faint  olive-green  tint. 

The  thickness  of  crystal  plates  used  in  the  experiments 
varied  from  -Ol™"*  to  •025'"°,  as  found  by  focussing  with  a 
micrometer-screw  a  powerful  objective  on  the  top  surface  of 
the  crystals  and  on  tne  glass  on  which  they  rested. 

Six  discs  of  glass,  -15°^  thick  and  •25°™  in  diameter,  were 
covered  with  herapathites  in  the  manner  described.  They 
crossed  one  another  at  various  angles ;  where  they  crossed  at 
90°  the  crossed  portions  were  black.  On  a  piece  of  yellow 
blotting  paper,  J°°  thick,  were  also  placed  several  layers  of 
herapathites,  so  deep  that  they  refiected  a  green  metallic  luster 
like  the  elytra  of  cantharides.  These  discs  and  the  blotting 
paper  were  fastened  to  the  slide  covering  the  photographic 
plate.  This  slide  was  impervious  to  two  hours'  exposure  to  the 
actinic  action  of  the  sun's  light.  On  the  slide  were  also  three 
discs  of  thin  glass,  so  overlapping  that  the  X-rays  had  to  pass 
through  1,  2,  3  thicknesses  of  the  glass  before  reaching  the  sen- 
sitive plate.  These  served  as  standards  with  which  to  compare 
the  screening  effects  of  the  herapathites. 

The  slide  so  prepared  and  covering  a  sensitive  plate  was 
exposed  to  the  radiations  of  a  Crookes  tube  in  three  experi- 
ments, for  f ,  1,  and  2^  hours.  On  developing  the  plates,  not 
the  slightest  trace  of  the  presence  of  the  herapathites  was  visi- 
ble. The  photographs  of  the  glass  discs  had  not  the  slightest 
mottling  on  their  surfaces ;  appearing  to  the  unaided  eye  and 
when  examined  through  a  rtiagnifying  glass  with  uniform  illn- 
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mination  and  grain  throughout,  and  exactly  like  the  photo- 

fraph  obtained  by  the  X-rays  passing  through  a  similar  glass 
isc  with  nothing  on  its  surface.  The  herapathites  used  in  the 
experiments  were  so  thin  that  they  did  not  appreciably  screen 
the  X-rays,  whether  the  axes  of  the  superposed  crystals  were 
parallel  or  crossed.  But  the  action  of  the  rays  on  the  square 
of  blotting  paper  proved  even  more  conclusively  that  the 
X-rays  cannot  be  polarized  in  this  manner,  for  where  this  paper 
covered  the  photographic  plate  nothing  was  visible,  except  by 
careful  scrutmy  and  with  a  favorable  illumination,  and  then  a 
mere  ghost  of  the  paper  was  detected,  but  with  no  traces  what- 
ever of  the  herapathites. 

These  experiments  confirm  in  a  convincing  manner  what 
Rontgen  found  by  his  experiments,  viz :  that  the  X-rays  can- 
not be  polarized.  At  least,  they  cannot  be  polarized  by  pass- 
ing through  herapathite,  which  is  by  far  the  most  powerful 
polarizing  substance  known.  It  is  unlikely  that  polarization 
will  be  detected  by  using  any  doubly  refracting  substance 
which  transmits  two  beams  polarized  in  planes  at  right 
angles  to  each  other;  for  if  polarization  exist,  the  thickness 
of  the  substance  required  to  get  a  measurable  departure 
of  the  two  rays  so  screens  the  X-rays  that  a  very  small 
fraction  of  them  (at  least  by  calcite)  will  be  transmitted  ;  alsoj 
Rontgen  is  of  the  opinion  that  if  the  X-rays  be  refrangi- 
ble, tlie  index  of  refraction  is  nearly  unity  even  in  such  a 
highly  refracting  substance  as  ebonite,  which  has  an  index 
of  about  1*6.*  It  is  therefore  reasonable  to  suppose  that 
the  difference  in  the  refraction  of  the  ordinary  and  extraordi- 
nary beams  will  be  too  small  to  be  measurable  in  the  faint 
shadowgraphs  obtained  by  traversing  doubly  refracting  sub- 
stances. 

It  remains  to  be  decided  whether  the  X-rays  can  or  cannot 
be  polarized  by  reflection.  Professor  Rood  having  recently 
proved  conclusively  that  they  are  reflected  from  platinum. 

2,   The  density  of  herapathite, 

Herapath  gives  1*89,  at  60°  F.,  as  the  density  of  the 
very  remarkable  substance  he  discovered.f  As  its  density 
is  interesting  to  have  in  connection  with  the  experiments 
described  above,  I  made  two  determinations  of  it  by  weigh- 
ing about  '3  grs.  of  the  substance  in  water,  and  also  by 
the  displacement  it  gave  of  the  water  in  a  specific  gravity 
flask.     The  mean  of   these  two  measures  was  1*6.     As  this 

•  On  the  Physical  Properties  of  Yulcanite,  by  A.  M.  Mayer,  this  Journal,  Jan. 
1891. 

t  Phil.  Mag.,  May,  1865,  p.  369. 

t 
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number  differs  greatly  from  that  of  Herapath,  I  thought  that 
the  small  mass  I  had  used  was  the  cause  of  the  discrepancy. 
I  then  made  about  two  grams  of  herapathite,  freed  it  of  its 
mother  liquid  by  washing  with  water  at  0°,  and  dried  it  at  25° 
in  vacuo.  When  it  had  ceased  to  lose  weight  I  weighed  it  in 
a  specific  gravity  flask  holding  about  10  cc,  then  just  covered 
it  with  water,  placed  it  in  vacuo  and  agitated  it,  so  that  it 
would  be  freed  of  any  air  that  might  be  contained  in  its  mass. 
The  flask  was  then  nearly  fi.lled  with  water  and  again  placed  in 
vacuo,  then  entirely  tilled  and  weighed.  1  found  from  this 
carefully  made  experiment  that  the  density  of  herapathite  is 
1-557  at  20°  C. 

3,  The  formulm  of  transmission  of  the  Rdntgen  rays  through 
glasSy  aluminum,  platinum,  green  tourmaline  and  herapathik. 

The  Kontgen  rays,  after  their  transmission  through  various 
substances,  produce  actinism  on  a  photographic  plate,  and  by 
the  degree  of  this  actinism  we  have  attempted  to  obtain  the 
formula  of  transmission  peculiar  to  each  substance.  This 
action  of  the  X-rays  is  cumulative  and  evidently  is  entirely 
different  from  the  transmission  of  light  and  radiant  heat  where 
the  maximum  of  transmission  is  instantly  reached  and  under 
proper  and  controllable  conditions  remains  constant  and  there- 
fore can  be  accurately  measured.  But  with  the  X-rays  the 
amount  of  their  action  on  the  plate  varies  directly  as  the  time 
of  their  action  (see  4),  depends  on  the  distance  of  the  sensitive 

?late  from  source  of  radiation,  and  on  the  energy  of  the  source, 
'herefore  this  method  of  determining  the  constants  of  the 
formulae  of  transmission  of  the  X-rays  is  somewhat  arbitrary; 
but  the  exact  conditions  in  the  determination  of  the  constants 
having  been  given,  these  conditions  can  readily  be  obtained  by 
other  experimenters.  Thus,  to  have  the  same  conditions  as 
existed  in  our  experiments,  one  has  only  to  place  a  pile  of 
crown  glass  plates  5*5°™  thick,  at  such  a  distance  from  the 
radiant  source  that  on  two  hours  exposure  the  X-rays  will  have 
just  not  visibly  acted  on  the  photographic  plate.  Some  assump- 
tion has  to  be  made  as  to  the  nature  of  the  X-rays,  otherwise 
no  progress  can  be  made  in  determining  the  constants  of  their 
formulae  of  transmission.  We  have  assumed  that  they  are 
homogeneous.  The  formulae,  as  determined,  hold  good  till 
they  have  conclusively  been  shown  not  to  be  homogeneous, 
which  is  very  likely  to  happen  in  the  progress  of  research  on 
their  nature.  > 

The  method  used  owes  whatever  merit  it  may  have  to  the 
use  of  the  wire  netting  devised  by  Professor  Kood  to  give 
accurate  indications   of  the  relative   permeability  of   various 
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substances  to  the  X-rays.  This  wire  netting  he  places  on  the 
slide  covering  the  sensitive  plate,  and  on  the  netting  be  places 
substances  ox  varioas  thickness.  The  netting  completely 
screens  the  X-rays,  and  its  image  on  the  negative  is  the  brightest 
possible  to  obtain  in  the  given  conditions.  If  a  plate  of  a  sub- 
stance should  also  entirely  screen  the  X-rays,  then  the  image  of 
the  netting  is  invisible  in  the  photograph  of  this  substance, 
and  as  plates  of  substances  allow  more  and  more  of  the  X-rays 
to  traverse  them  the  images  of  the  netting  in  the  photographs 
of  these  substances  are  more  and  more  bright.  If  the  image 
of  the  netting  in  the  photographs  of  two  substances  should  be 
equally  brignt,  then  these  two  plates  transmit  equal  actinic 
action  to  the  sensitive  plate.  Thus  this  ingenious  device  serves 
as  a  very  delicate  photometer  in  determining  the  fact  just  men- 
tioned. 

It  occurred  to  me  that  the  wire  netting  could  also  give  me 
data  with  which  to  determine  the  constants  of  the  formulae  of 
transmission  of  the  X-rays  through  various  substances.  The 
method  devised  is  as  follows  :  On  a  wire  netting  with  8  meshes 
to  the  inch  placed  on  the  slide  of  the  plate-holder,  are  cemented 
piles  of  glass  discs,  (each  glass  about  y'^*""*  thick);  these  piles 
gradually  increase  in  thickness.  These  piles  of  glass  were 
exposed  to  the  action  of  the  X-rays,  so  that  the  photographic 
plate  was  25*™*  distant  from  the  radiant  source.  In  the  appara- 
tus used  this  distance  could  be  accurately  measured.  After  an 
3xposure  of  two  hours  it  was  found,  on  developing  the  plate, 
that  the  netting  was  just  visible  in  the  photograph  of  the  pile 
S-35"™"  thick,  and  that  it  was  not  visible  in  the  photograph  of  the 
pile  S'S"^""  thick.  In  this  last  case,  though  the  X-rays  had  pene- 
trated to  the  sensitive  film,  yet  tlie  difference  in  the  screening 
effect  of  the  netting  and  of  the  glass  was  not  visible,  because 
;he  eye  cannot  distinguish  between  the  illumination  of  jux- 
^posed  surfaces  which  differ  in  illumination  by  about  '^-^. 
Bence,  through  the  last  pile  of  S'S"*""  about  y^  of  the  actinic 
intensity  of  the  incident  beam  had  passed. 

Now  the  formula  of  transmission  of  rays  through  a  substance 
svhich  does  not  reflect  these  rays  is  I'  =  \a^.  Where  V  =  the 
ntensity  of  the  transmitted  beam;  1=  the  intensity  of  the 
ncident  beam ;  a  =  a  constant  depending  on  the  substance, 
ind  t  is  an  exponent  of  a,  and  t  is  the  thickness  of  the  sub- 
stance.    We  have  taken  yV""""  ^  ^^  ^^"^^  ^^  ^• 

From  the  conditions  of  the  experiment  I'  =  la*  =  yj^,  and 
is  ^  is  known,  a  is  readily  computed.  The  accuracy  of  the 
ietermination  of  a  depends  on  the  value  of  the  least  percep- 
tible difference  in  illumination  that  the  eye  can  distinguish  in 
:wo  juxtaposed  surfaces.  We  have  adopted  yf^  as  the  most 
3robable  value.*     But  suppose  that  the  fraction  is  not  y|^  but 

♦Photometric  Experiments,  0.  N.  Rood,  this  Jourua],  July  1870. 
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rijj  ^^>  "bVj  ^^^^  tbe  departure  of  these  fractions  from  ^^  will 
anect  the  constant  by  4  anits  in  the  third  decimal  place. 

These  experiments,  made  in  the  conditions  we  have  indi- 
cated, give  tor  the  formula  of  transmission  through  the  glass 
used,  a  crown  glass  made  by  Chance  &  Co. : 

r  =  I  X  -92* 

Having  this  formula  as  a  basis,  it  is  comparatively  easy  to 
determine  the  constants  of  another  substance,  by  placing  the 
substance  on  the  netting  with  piles  of  glass  of  graded  thickness 
and  exposing  them  to  tne  X-rays.  We  then  see  what  thick- 
ness of  glass  gives  the  same  illumination  to  the  image  of  the 
netting  as  does  the  known  thickness  of  the  substance.  Thus, 
the  netting  in  the  photograph  of  a  disc  of  herapathite  -9°^ 
thick  had  the  same  brightness  as  in  the  photograph  of  a  pile  of 
glass  •69"°'  thick.  By  the  formula  glass  -eQ"""  thick  transmits 
•5636  of  the  incident  beam  and  herapathite  of  '9"™  transmits 
the  same.  From  this  we  compute  that  1'  =  I  X  •9382*  is  the 
formula  for  the  transmission  of  the  X-rays  through  herapathite, 
which  for  t  =  '69  gives  '5636  of  transmission. 

In  the  same  manner  it  was  found  that 

2*05°^°^  of  aluminum  transmits  the  same  as  2*44  of  glass 

•02      "  platinum  "  "       2-9'"°*  " 

2*0        **  green  tourmaline  "  "       2^0  "   " 

.ggrnm  «  herapathite  "  "         -9  "  " 

From  these  determinations  we  have  computed  the  formulae 
of  transmission  of  these  substances : 

Glass r  =  Ix^92* 

Alaminum r  =  Ix  '905^ 

Platinum  '. 1'=  Ix*00063* 

Green  tourmaline I'  =  Ix ^92* 

Herapathite V  =  Ix'938* 

Taking  the  amount  of  transmission  through  aluminum  of 
^mm  and  of  1™™  as  unity,  we  have,  in  the  following  table,  the 
relative  transmission  through  the  substances  experimented  on. 

t  =  ^'°".  t  =  1"™. 

Aluminum !•  r 

Glass 1-01«  1-180 

Green  tourmaline  . .    r016  riSO 

Herapathite 1-036  1*435 

Platin  um •000696 

Platinum  •06"'™  thick  is  practically  impervious  to  the  rays 
from  the  Crookes  tube  used,  transmitting  only  '005  of  incident 
beam. 

This  method  of  determining  the  transmission  of  the  X-rays 
through  various  substances  may  be  criticised,  because  in  the 
experiments  I  obtain  not  alone  the  transmission  through  the 
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sabstances  placed  on  the  slide  of  the  plate-holder  bnt  at  the 
same  time  the  transmission  through  the  slide  itself.  If  the 
slide  has  a  measurable  transmission,  or,  screening  effect,  then 
its  eauivalent  in  thickness  of  the  substances  placed  on  it  should 
be  added  to  them.  This  criticism,  however,  is  nought,  because 
experiments  have  shown  that  if  the  thickness  of  a  portion  of 
the  slide  is  doubled  by  placing  on  it  a  piece  of  the  material  of 
which  it  is  made,  no  screening  of  the  A-rays  by  this  piece  can 
be  detected. 

jj.  The  actinic  effect  of  the  HOntgen  rays  varies  inversely  as  the 
square  of  the  distance  of  the  sensitive  plate  from  the  radiant 
source. 

The  slide  covering  a  photographic  plate  had  on  it  the  wire 
netting,  and  the  plate  was  exposed  for  30  minutes  to  the  X- 
rays  at  a  distance  of  10  inches  from  the  radiant  source.  Another 
similar  plate  in  the  same  plate-holder  was  exposed  for  two  hours 
at  a  distance  of  20  inches  from  the  radiant  source.  These 
distances  could  be  accurately  measured  in  the  apparatus  used. 
These  plates  were  taken  from  the  same  box  and  developed  side 
by  side  in  the  same  tray.  Indeed  all  the  conditions  were  care- 
fully made  the  same  in  the  two  experiments  except  the  dis- 
tance of  plates  from  the  radiant  source.  On  developing  the 
images  on  the  plates  they  were  exactly  alike ;  the  image  of  the 
netting  had  the  same  illumination  on  each  plate,  and  the 
density  of  the  films  was  the  same.  This  experiment  shows 
that  the  X-rays  act  on  a  sensitive  plate  according  to  the  law  of 
the  inverse  squares. 

From  this  law  it  follows  that  the  actinic  power  of  the  X-rays 
is  not  sensibly  absorbed  in  traversing  the  air ;  also,  that  these 
rays  are  not  sensibly  diffused  by  radiation  from  the  molecules 
of  the  air  they  traverse,  the  air  being  at  ordinary  barometric 
pressures. 

These  deductions,  which  necessarily  follow  from  the  law  of 
the  inverse  square,  are,  however,  at  variance  with  the  facts 
observed  by  Professor  Pupin,  who  states  in  Science  of  April 
10,  1896:  "There  was  evidently  a  diffuse  scattering  of  the 

X-rays   in   their   passage   through   the   air." 

"  These  experiments  prove  beyond  all  reasonable  doubt  that 
the  Rontgen  radiance  is  diffusely  scattered  through  bodies, 
^ases  not  excepted."  These  opinions  of  Professor  Pupin  are 
founded  on  experiments  on  the  action  of  the  X-rays  on  a  fluo- 
rescent screen,  or,  rather  on  a  "  fluoroscope,"  not  on  experi- 
ments on  their  actinic  effects.  In  the  latter  case  I  am  confi- 
dent that  the  X-rays  act  according  to  the  law  of  the  inverse 
squares,  and  therefore  are  not  sensibly  diffused.  In  the  former 
case  Professor  Pupin  finds  that  they  are  diffused  in  traversing 
'  the  air,  and  very  sensibly  diffused  if  I  understand  aright  his 
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paper ;  but  as  he  does  not  give  any  photometric  measures,  or 
estimates,  of  the  intensity  of  the  fluorescence  in  the  geometric 
image  of  the  slit,  and  outside  of  this  image,  one  cannot  form  an 
opinion  of  the  amount  of  the  diffusion  he  describes.  The  facts 
of  diffusion  described  by  Professor  Pupin  are  opposed  to  those 
discovered  by  so  distinguished  and  experienced  a  physicist  as 
Rontgen,  who,  in  section  10  of  his  first  paper,  writes :  "I  find^ 
using  a  Weber's  photometer,  that  the  intensity  of  the  fluorescent 
light  varies  nearly  as  the  inverse  squares  of  the  distance  between 
screen  and  discharge  tube.  This  result  is  obtained  from  three 
very  consistent  sets  of  observations  at  distances  of  100  and 
200""".  Hence  air  absorbs  the  X-rays  much  less  than  the 
cathode  rays.  This  result  is  in  complete  agreement  with  the 
previously  described  result,  that  the  fluorescence  of  the  screen 
can  be  observed  at  2  metres  distance  from  the  vacuum  tube." 
Rontgen  does  not  mention  any  diffusion  observed  by  him  in 
these  experiments,  and  it  is  certain  that  he  would  have  men- 
tioned the  existence  of  diffusion  in  experiments  made  to  deter- 
mine a  law  of  radiation,  and  which  diffusion  necessarily  would 
have  invalidated  the  law  of  inverse  squares. 

The  radiation  from  the  Crookes  tube,  used  in  the  experi- 
ments described  in  this  paper,  came  from  a  calcined  shell  sup- 
ported by  the  anode  wire  and  placed  opposite  the  cathode. 
The  tube  was  not  sensibly  heated  during  the  experiments  and 
the  actinic  power  of  its  radiation  remained  constant.  It  was 
proved  by  taking  a  pin-hole  photograph  of  the  naked  tube, 
with  an  exposure  of  two  hours,  that  by  far  the  larger  propor- 
tion of  the  X-rays  emanated  from  a  4°*'"  square  surface  of  the 
shell  which  was  acted  on  by  the  cathode  rays.  The  walls  of 
the  glass  tube,  as  was  proved  by  other  independent  photo- 
graphic experiments,  furnished  a  small  percentage  of  X^-rays 
but  not  enough  to  make  their  presence  known  in  the  pin-hole 
photograph,  which  had  furnished  quite  a  dense  image  of  a  por- 
tion of  the  shell.  Furthermore  the  X-rays  from  the  glass  wall 
itself  were  cut  off  and  prevented  from  reaching  the  photo- 
graphic plate  bv  a  diaphragm  of  lead  with  a  circular  opening 
of  one-half  inch,  and  at  one  inch  distant  from  the  radiant 
source.  It  is  also  to  be  remarked  that  this  second  source  of 
the  X-rays  was  nearer  to  the  photographic  plate  only  by  I'j-incb 
minus  '06  inch,  the  thickness  of  the  tube,  hence  any  effects  due 
to  them  may  be  neglected,  as  indeed  the  results  in  the  experi- 
ments on  the  inverse  squares  show. 

The  experiments  described  in  this  paper  were  made  in  the 

frivate  laboratory  of  Professor  Rood  in  Columbia  University, 
'rofessor  Rood  not  only  gave  me  the  use  of  his  apparatns, 
which  he  had  made  the  subject  of  a  special  investigation  before 
investigating  with  it,  but  he  also  gave  me  the  advantage  of  the 
experience  obtained  during  his  researches  on  the  X-rays. 
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Art.  LV. — On  the  Pithecanthropus  erectus,  from  the 
Tertiary  of  Java ;  by  O.  C.  Marsh*    (With  Plate  XIII.) 

Near  the  beginning  of  last  year,  a  discovery  was  announced 
that  excited  great  interest  throughout  the  scientific  world,  espe- 
cially among  those  interested  m  the  origin  and  antiquity  of 
man.  The  announcement  first  made  was  that  remains  of  a 
veritable  missing  link  between  man  and  the  higher  apes  had 
been  found  in  Java,  in  strata  of  Pleistocene  age.  The  dis- 
covery was  made  by  Dr.  Engene  Dubois,  a  surgeon  in  the 
Dutcn  army,  who  had  been  stationed  in  Java  for  several  years, 
and  had  devoted  much  time  to  the  vertebrate  fossils  of  that 
island. 

The  first  definite  information  received  in  this  country  was  in 
December,  1894,  when  Dubois's  memoir  on  Pithecanthropus 
arrived.f  One  of  the  first  copies  reached  the  late  Professor 
Dana  just  as  he  was  printing  the  last  pages  of  his  great  work 
on  geology.  He  at  once  wrote  to  me  in  Washington,  asking  me 
to  look  up  the  memoir,  and  telegraph  my  opinion  of  the  dis- 
covery, so  that  he  could  refer  to  it  in  his  book.  On  inquiry,  I 
ascertained  that  this  memoir  had  not  then  been  receivea  at  any 
of  the  scientific  centers  in  Washington,  and  that  the  discovery 
itself  was  not  known.  On  returning  to  New  Haven,  I  found  a 
copy  of  the  memoir  awaiting  me  (received  December  29, 1894^, 
and  at  Professor  Dana's  request,  I  wrote  a  review  of  it,  whicn 
appeared,  with  illustrations,  in  this  Journal  for  February,  1895.:}: 

The  memoir  of  Dr.  Dubois  was  an  admirable  one,  and, 
although  written  in  Java,  with  only  limited  facilities  for  con- 
sulting the  literature  on  the  subject  and  for  comparing  the 
remains  described  with  living  and  extinct  forms  to  which  they 
were  related,  the  author  showed  himself  to  be  an  anatomist  of 
more  than  usual  attainments,  and  fully  qualified  to  record  the 
important  discovery  he  had  made.  In  my  review,  therefore, 
of  this  important  memoir,  I  endeavored  to  state  fairly  the 
essential  facts  of  the  discovery,  as  well  as  the  main  results 
reached  by  Dr.   Dubois  after  a  careful  study  of  the  remains. 

*  Abstract  of  communicatioD  made  to  the  National  Academy  of  Sciences  at 
WashingtoD,  April  24,  1896. 

f  Pitheeanihropus  erectus.  Eine  mrnschenaebnliche  Uebergan^sform  aua  Java. 
Von  Eug.  Dubois,  Militairarzt  der  niederlaendisch-indischen  Armee.  Mit  zwei 
Tafeln  und  drei  in  den  Toxt  godruckten  Figuren.    4to,  Batavia,  1894. 

X  The  figures  then  given  in  Plate  II  are  repeated  in  the  plate  accompanying  the 
present  article. 
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My  own  conclusions  in  regard  to  this  discovery,  briefly  stated 
in  nay  review,  were  as  follows : — 

"It  IB  only  justice  to  Dr.  Dubois  and  his  admirable  memoir 
to  say  here,  that  he  has  proved  to  science  the  existence  of  a 
new  prehistoric  anthropoid  form,  not  human  indeed,  but  in 
size,  brain  power,  and  erect  posture,  much  nearer  man  than  any 

animal  hitherto   discovered,  living  or  extinct 

TVhatever  light  future  researches  may  throw  upon  the  affinities 
of  this  new  form  that  left  its  remains  in  the  volcanic  deposits 
of  Java  during  later  Tertiary  time,  there  can  be  no  doubt  that 
the  discovery  itself  is  an  event  equal  in  interest  to  that  of  the 
Neanderthal  skull. 

"  The  man  of  the  Neander  valley  remained  withont  honor, 
even  in  his  own  country,  for  more  than  a  quarter  of  a  century, 
and  was  still  doubted  and  reviled  when  his  kinsmen,  the  men 
.of  Spy,  came  to  his  defense,  and  a  new  chapter  was  added  to 
the  early  history  of  the  human  race.  The  ape-man  of  Java 
comes  to  light  at  a  more  fortunate  time,  when  zeal  for  explora- 
tion is  so  great  that  the  discovery  of  additional  remains  maybe 
expected  at,  no  distant  day.  That  still  other  intermediate 
forms  will  eventually  be  brought  to  light  no  one  familiar  with 
the  subject  can  doubt." 

In  most  scientific  quarters,  however,  both  in  this  countir 
and  in  Europe,  Dr.  Dubois's  discovery  was  not  received  with 
great  favor,  and  the  facts  and  conclusions  stated  in  bis 
memoir  were  much  criticised.  Among  a  score  or  more  of 
notices  of  this  elaborate  memoir  which  appeared  subsequent  to 
my  review,  I  do  not  recall  a  single  one  that,  in  attempting  to 
weigh  the  evidence  presented,  admitted  the  full  importance  of 
the  discovery  made  by  Dr.  Dubois.  The  early  conclusions 
seemed  to  be  that  the  various  remains  discovered  were  human, 
and  of  no  great  age;  that  they  did  not  belong  to  the  same 
individual;  that  the  skull  apparently  pertained  to  an  idiot; 
and  that  both  the  skull  and  femur  showed  pathological 
features.  In  fact,  the  old  story  of  the  distrust  aroused  by 
the  discovery  of  the  Neanderthal  skull,  nearly  forty  years 
before,  was  repeated,  although  in  a  milder  form.  Dr.  Dubois 
has  stated  in  a  late  memoir  that,  with  the  exception  of 
Professor  Manouvrier  of  Paris  and  myself,  no  one  else,  untU 
very  recently,  regarded  the  remains  as  evidence  of  a  transi- 
tional form  between  man  and  the  apes. 

It  was  a  fortunate  thing  for  science  that  the  Dutch  govern- 
ment appreciated  the  importance  of  the  discovery  made  in  its 
Javanese  province  by  Dr.  Dubois,  and  last  summer  allowed 
him  to  return  to  Holland  and  bring  with  him  the  precious 
remains  he  had  found,  and  so  well  described.     Not  only  this, 
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he  was  also  permitted  to  bring  the  extensive  collections  of 
er  vertebrate  fossils  which  be  had  secared  from  the  same 
izon  and  in  the  same  locality  where  the  Pithecarvthropui 
1  discovered.  All  these  were  shown  at  the  International 
igress  of  Zoologists,  held  at  Leyden,  in  September  last,  and 
the  21st  of  that  month,  Dr.  Dubois  read  an  elaborate  paper 
his  original  discovery  and  on  his  later  explorations  in  the 
le  region.  This  communication  was  in  many  respects  the 
3t  important  one  of  the  session,  and  its  presentation  with 
specimens  themselves  was  a  rare  treat  to  the  large  audience 
Bent,  especially  to  those  fitted  to  appreciate  the  evidence 
before  them.* 

^rofessor  Yirchow  of  Berlin  was  president  of  the  meeting 
that  day,  and  had  brought  many  specimens  to  illustrate  the 
larks  he  was  to  make  In  the  discussion.  The  famous  Leyden 
seum  was  also  drawn  upon  for  an  extensive  series  of  speci- 
es of  man  and  the  higher  apes,  so  that,  if  possible,  the  true 
ttion  of  Pithecanthropus  might  then  be  determined  once 
all.  Dr.  Dubois,  moreover,  kindly  invited  Professor 
chow.  Sir  William  Flower,  and  myself,  to  come  an  hour 
ore  the  meeting,  and  personally  examine  the  remains  he  was 
liscuss,  and  this  invitation  was  most  gladly  accepted. 
The  first  sight  of  the  fossils  was  a  surprise,  as  they  were 
Jently  much  older  than  appeared  from  the  descriptions.  All 
•e  dark  in  color,  thorouglily  petrified,  and  the  matrix  was 
d  rock,  diflBcult  to  remove.  The  skull-cap  of  Pithecanthro- 
r  was  filled  with  the  hard  matrix,  firmly  cemented  to  it. 
3  roughness  of  the  superior  surface^  especially  in  the  frontal 
ion,  was  apparently  due  to  corrosion  after  entombment,  and 
to  disease,  as  had  been  suggested  by  some  anatomists.  The 
lur  was  free  from  matrix,  but  very  heavy  in  consequence  of 
infiltration  of  mineral  matter.  The  exostosis  on  its  upper 
tion  is  a  conspicuous  feature,  but  of  course  is  pathological. 
is  feature  is  of  little  consequence,  as  very  similar  outgrowths 
ur  on  fossil  bones  of  even  Eocene  age.  The  two  teeth 
wed  no  characters  that  indicated  their  interment  under  cir- 
astances  different  from  that  of  the  skull  or  femur.  All  the 
^sical  characters  impressed  me  strongly  with  the  idea  that 
se  various  remains  were  of  Pliocene  age,  and  not  Post- 
•tiary,  as  had  been  supposed.  The  description  of  the  local- 
and  the  account  of  tne  series  of  strata  there  exposed,  as 
en  by  Dr.  Dubois  in  his  communication,  confirmed  this 
nion,  and  a  later  examination  of  accompanying  vertebrate 
lils  placed  the  Pliocene  age  of  all  beyond  reasonable  doubt. 

[yOmpte-ReDdu  des  Seances  du  Troisidme  Congres  Interoational  de  Zoolog^e, 
len,  September,  1895,  pp.  251-271.  1896.  See  also  Transactions  Rojal  Dublin 
aty,  vol.  vi,  pp.  1-18,  February,  1896;  and  Anatomischer  Anzeiger,  Bd.  xii, 
1-22,  1896. 
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The  facte  relating  to  the  discovery  iteelf,  and  the  positioD  in 
which  the  remaine  were  fonnd,  as  stated  b;  Dr.  DaboiB  in  his 
paper,  together  with  some  additional  details  given  to  me  per- 
Bonally,  convinced  me  that,  in  all  probability,  the  Tarioae 
remains  attributed  to  Pithecanthropus  pertained  to  one  indi- 
vidual. Under  the  circumstanceB,  no  paleontologist  who  has 
had  experience  in  collecting  vertebrate  fossils  woald  hesitate 
to  place  them  together. 

In  figure  1,  below,  a  geological  section  is  given,  showing  tbe 
series  of  strata  exposed  in  tae  bank  of  the  river  Bengavan, 
near  Trinil,  in  central  Java,  where  all  the  remains  of  PUh- 
canthropua  were  foand.  The  exact  positions  of  these  variom 
specimens  when  discovered  are  also  indicated. 


FiODRE  1. — Section  of  tbe  bone  Btrata  at  Trinil.     (After  DaboiB.) 
A,  vegetable  soil ;  B,  sand-rock  \  C,  bod  of  lapilli-iock  ;  D,  Isvel  in  which 
the  four  remains  were  ttmnd  ;  E,  conglomerate ;  P,  claj-pock ;  G,  mariw 
breccia  ;  H,  rainy  seaaoD  level  of  river  ;   I,  Arj  eeaaon  level  of  river. 

The  above  section,  taken  from  Dr.  Dnbois's  Dublin  paper, 
makes  clear  many  points  as  to  tbe  locality  where  the  discoveries 
were  made,  which  were  left  doubtful  in  the  original  memoir. 
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The  three  specimens  originally  described,  the  tooth,  the  skull, 
and  the  femur,  were  found  at  different  times  in  the  same 
horizon,  all  imbedded  in  the  same  volcanic  tufa,  as  indicated  in 
figure  1,  D.  The  tooth  was  found  first,  in  September,  1891, 
in  the  left  bank  of  the  river,  about  a  meter  below  the  water 
level  during  the  dry  season,  and  twelve  or  fifteen  meters  below 
the  plain  in  which  the  river  had  cut  its  bed.  A  month  later, 
the  skull  was  discovered,  only  a  meter  distant  from  the  place 
where  the  tooth  lay.  In  August,  1892,  the  femur  also  was 
found,  about  fifteen  meters  distant  from  the  locality  where  the 
other  specimens  were  imbedded.  Later,  in  October  of  the 
same  year,  a  second  molar  was  obtained  at  a  distance  of  not 
more  than  three  meters  from  where  the  skull-cap  was  found, 
and  in  the  direction  of  the  place  where  the  femur  was  dug  out. 

The  fossils  thus  secured  were  all  carefully  investigated  by 
Dr.  Dubois,  who  regards  them  as  representing  a  distinct  species 
and  genus,  and  also  a  new  family,  which  he  has  named  the 
IHthecanthropidcB^  and  distinguished  mainly  by  the  following 
characters : 

Brain  cavity  absolutely  larger,  and,  in  proportion  to  the  size 
of  the  body,  much  more  capacious  than  in  the  SimiidcB,  yet 
less  so  than  in  the  Hominidce.  Capacity  of  the  skull  about 
two-thirds  the  average  of  that  of  man.  Inclination  of  the 
nuchal  surface  of  the  occiput  considerably  greater  than  in  the 
SimiidcB,  Dentition,  although  retrogressive,  still  of  the  simian 
type.  Femur  equal  in  its  dimensions  to  that  of  man,  and  like 
that  adapted  for  walking  in  an  upright  position. 

Of  this  skull,  the  upper  portion  alone  is  preserved,  the  line 
of  fracture  extending  from  the  glabella  backward  irregularly 
to  the  occiput,  which  it  divides  somewhat  below  the  upper 
nuchal  line.  The  cranium  seen  from  above  is  an  elongated 
oval  in  outline,  dolichocephalic ;  and  is  distinguished  from  that 
of  other  anthropoid  apes  by  its  large  size  and  its  higher  arching 
in  the  coronal  region,  as  shown  below  in  figure  3.  The  greatest 
length  from  the  glabella  to  the  posterior  projection  of  the 
occiput  is  185°''".  The  greatest  breadth  is  130°''°,  and  the 
smallest,  behind  the  orbit,  is  90"°^.  The  cranium  in  its  original 
condition  must  have  been  of  somewhat  larger  dimensions. 
The  upper  surface  of  the  skull  is  without  ridges,  and  the 
sutures  all  appear  to  be  obliterated. 

This  dolicocephalic  skull,  with  an  index  of  70°,  is  readily 
distinguished  from  that  of  the  Orang-utan,  which  is  decidedly 
brachycephalic.  The  absence  of  the  characteristic  cranial  crests 
will  separate  it  from  the  skull  of  the  adult  Gorilla.  In  its 
smooth  upper  surface  and  general  form,  it  shows  a  resemblance 
to  the  skull  of  the  Chimpanzee,  and  still  closer  to  that  of  the 
Gibbons  {Hylobates), 
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A  figure  of  the  present  specimen  and  the  skull  of  a  Gibbon 
for  comparison  are  shown  in  figure  2,  Plate  XIII.  These 
figures  and  those  that  follow  are  reproduced  from  illustrations 
in  Dr.  Dubois's  memoirs. 

In  comparing  the  cranium  of  Pithecanthropus  with  skulls 
most  nearly  allied,  both  human  and  simian,  the  outlines  given 
in  figure  3,  below,  will  prove  especially  instructive.  The  basis 
of  tnis  cut  is  the  figure  given  by  Dr.  Dubois  in  his  Leyden 
paper.  This  I  have  modified  by  omitting  the  outline  of  the 
microcephalic  idiot,  and  substituting  that  of  the  well-known 
Neanderthal  skull.* 

3. 


Figure  8. — Profile  outline  of  the  skuU  of  Pithecanthropus  (fV')»  compared 
with  those  of  a  Papuan  man»  the  man  of  Spy  No.  1,  Neanderthal  man 
{Nt)f  man  of  Spy  No.  2,  and  Hylohaies  lexiciscus  (HI),  Semnopithecus 
maurus  (Sm),  and  Anthropopithecus  troglodytes  {At),  (Modified  from  a 
figure  by  Dubois.) 

GZ,  glabella ;    Opy  opisthion ;   Jw,  linea  nuchas  superior ;   Lnt,  linea 
nuchae  inferior. 

Dr.  Dubois's  conception  of  the  skull  of  Pithecanthropi^^ 
when  entire,  is  indicated  by  his  attempted  restoration  shown  in 
figure  6,  on  page  481.  Future  discoveries  must  determine  the 
accuracy  of  this  restoration. 

*  In  preFeDtiDg  tJie  present  paper  before  the  NaiioDsl  Academy  of  Sciences  at 
WashingtoD.  I  was  fortunately  able  to  exhibit  a  cast  of  the  Pithecanthropus  skull, 
recently  sent  to  me  by  Dr.  Dubois,  and  also  to  compare  this  with  a  cast  of  the 
Neanderthal  skull.    The  latter  was  not  available  during  tlie  discusrion  at  Leyden. 
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The  tooth,  the  first  specimen  found,  is  represented  in  figure 
4,  below.  It  is  the  last  upper  molar  of  the  right  side,  and  is  in 
good  Dreservation.  It  indicates  a  fully  adult,  but  not  very  old, 
animal.  The  crown  is  subtriangular  in  form,  with  the  corners 
rounded,   and   the  narrowest   portion    behind.     The  ant^ro- 

Sosterior  diameter  of  the  crown  is  11'3™",  and  the  transverse 
iameter  IS'S"*"".  The  grinding  surface  of  the  crown  is  con- 
cave, and  less  rugose  than  in  existing  anthropoid  apes.  The 
diverging  roots  are  a  simian  feature. 


a. 


Figure  4. — Third  right  upper  molar  of  Pithecanthropus  erectus. 
natural  size.    (After  Dubois.) 
a,  back  view ;  &,  top  view. 

6. 


Two-thirds 


FiGUKE  6. — Restoration  of  the  skuU  of  Fithevanthropus  erectus.     Two-fifths 
natural  size.     (Reduced  from  a  figure  by  Dubois. ) 

c,  sutura  coronalis  ;  l,  sutiira  lamboidea  ;  o,  foramen  occipitale. 

The  femur,  which  is  from  the  left  side,  is  in  fair  preserva- 
tion, although  it  was  somewhat  injured  in  removing  it  from 
the  surrounding  rock  It  belonged  to  a  fully  adult  individual. 
In  form  and  dimensions,  it  resembles  so  strongly  a  human 
femur  that  only  a  careful  comparison  would  distinguish  one 
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from  the  other.  The  bone  is  very  long,  its  greatest  len^h 
being  455°™.  The  shaft  is  slender  and  nearly  straight.  The 
general  form  and  proportions  of  this  femur  are  shown  in  figure 
5,  Plate  XIII,  with  a  human  femur  for  comparison. 

These  various  remains  of  Pithecanthropus  were  ag^n 
described  in  detail  and  compared  with  allied  forms  by  Dr. 
Dubois  in  his  paper  at  Leyden,  and  in  the  discussion  that  fol- 
lowed, the  whole  subject  was  once  more  gone  over  by  anthro- 
pologists, zoologists,  and  geologists,  in  a  most  thorough  and 
judicial  manner.  To  attempt  to  weigh  impartially  the  evidence 
as  to  the  nature  of  Pithecanthropus^  presented  by  Dr.  Dubois 
in  his  paper  and  by  those  who  took  part  in  the  critical  discus- 
sion that  followed  its  reading,  would  lead  far  beyond  the  limits 
of  the  present  communication.  I  can  only  say  that  this 
evidence  was  strongly  in  favor  of  the  view  that  the  skull  of 
Pithecanthropus  is  not  human,  as  the  orbital  and  nuchal 
regions  show,  while  at  the  same  time  it  indicates  an  animal  much 
above  any  anthropoid  ape  now  known,  living  or  extinct. 
Opinions  differed  as  to  wliether  the  various  remains  pertained 
to  the  same  individual,  but  no  one  doubted  their  importance. 

The  varied  opinions  expressed  in  regard  to  the  anatomical 
characters  of  each  of  the  specimens  have  already  been  pub- 
lished, and  need  not  be  repeated  here.  Dr.  Dubois,  in  his 
papers  above  cited,  has  met  all  the  principal  objections  made 
to  his  views  since  he  announced  his  discovery.  He  has  also 
given  full  references  to  the  literature,  which  promises  to  be 
voluminous  as  the  importance  of  the  subject  becomes  better 
known.  Among  the  authorities  thus  cited  may  be  mentioned 
Cunningham,  Keith,  Lydekker,  Turner  ;  Manouvrier,  Pettit, 
Topinard,  Vemeau ;  Haeckel,  Krause,  Martin,  Ten  Kate,  and 
Virchow,  who  have  all  taken  part  in  the  discussion. 

After  a  careful  study  of  all  the  Pithecanthropus  remains  and 
of  the  evidence  presented  as  to  the  original  discovery,  the 
position*  in  which  the  remains  were  found,  and  the  associated 
fossils,  my  own  conclusions  may  be  briefly  stated,  as  follows : 

(1)  The  remains  of  Pithecanthropus  at  present  known  are 
of  Pliocene  age,  and  the  associated  vertebrate  fauna  resembles 
that  of  the  Siwalik  Hills  of  India. 

(2)  The  various  specimens  of  Pithecanthropus  apparently 
belonged  to  one  individual. 

(3)  This  individual  was  not  human,  but  represented  a  form 
intermediate  between  man  and  the  higher  apes. 

If  it  be  true,  as  some  have  contended,  that  the  different 
remains  had  no  connection  with  each  other,  this  simply  proves 
that  Dr.  Dubois  has  made  several  important  discoveries  instead 
of  one.  All  the  remains  are  certainly  anthropoid,  and  if  any 
of  them  are  human,  the  antiquity  of  man  extends  back  into  the 
Tertiary,  and  his  affinities  with  the  higher  apes  become  much 
nearer  than  has  hitherto  been  supposed.  One  thing  is  certain: 
the  discovery  of  Pithecanthropus  is  an  event  of  the  first 
importance  to  the  scientific  world. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  The  molecular  weight  of  sulphur. — Previous  investigations 
have  shown  that  the  sulphur  molecule  probably  corresponds  to 
the  formula  Sg,  or  to  S,,  at  a  temperature  slightly  above  its  boiling 
point,  and  that  as  the  temperature  rises  the  molecular  weight 
becomes  smaller,  until  between  860  and  1700*  it  is  constant  and 
corresponds  to  a  normal  molecule,  S,.  Previous  work  upon  the 
molecular  weight  of  sulphur  in  solution,  as  determined  by  the 
boiling-point  and  the  freezing-point  methods,  has  in  most  cases 
pointed  to  the  formula  S,.  Orndobff  and  Tebbassb  have  now 
described  an  elaborate  series  of  experiments  in  which  the  boiling- 
point  method  has  been  used  with  various  solvents,  and  they  con- 
clude from  their  results  that  at  temperatures  below  its  melting- 
point  the  molecule  of  sulphur  is  S^,  while  with  solvents  whose 
boiling-points  are  above  the  melting-point  of  sulphur,  the  mole- 
cular formula  is  S,.  The  interesting  fact  was  observed  that  when 
dissolved  in  sulphur  chloride  (S  CI,)  the  molecule  of  sulphur 
corresponds  to  the  normal  formula,  S,.  The  authors  have  also 
made  the  observation  that  in  carbon  disulphide,  from  which  only 
ortborhombic  sulphur  crystallizes  out,  and  in  benzene  and  toluene, 
from  which  the  monoclinic  form  alone  separates,  the  same  mole- 
cule, S  existSr — Am,  Chem,  Jour,,  xviii,  173.  h.  l.  w. 

2.  27ie  absorption  of  the  Hdntgen  rays  by  chemical  compounds, — 

V 

Novak  and  Sulo  have  examined  nearly  300  substances  in  this 
respect.  Their  method  of  investigation  consisted  in  attaching 
rings  of  glass  to  a  sheet  of  paper  and  placing  uniform  layers  of 
the  finely  pulverized  materials  in  the  different  rings  so  that  the 
thickness  of  the  layer  was  0'4^'"  in  each  case.  The  paper  with  the 
rings  was  then  placed  over  a  photographic  plate  which  was  envel- 
oped in  black  paper,  and  exposed  to  the  Rontgen  rays  for  a  period 
of  20  to  25  minutes.  By  comparing  the  photographic  efiect  of 
the  rays  where  the  substances  were  interposed,  the  relative 
absorptions  were  determined.  The  authors  found  that  a  great 
number  of  organic  compounds  containing  only  carbon,  hydrogen, 
oxygen  and  nitrogen,  are  equally  penetrable,  and  hence  they  con- 
clude that  the  absorption  has  no  relation  to  molecular  weight  or 
the  arrangement  of  the  atoms.  Organic  halogen  derivatives  were 
found  to  possess  much  greater  absorption,  which  increased  with 
the  number  of  halogen  atoms  present.  This  effect  increased  with 
the  atomic  weights  of  the  halogens,  two  atoms  of  bromine  having 
a  greater  effect  than  six  chlorine  atoms,  while  iodine  derivatives 
were  entirely  impenetrable  under  the  conditions  used  in  the 
experiments.  This  indication  of  the  influence  of  elements  of 
varying  atomic  weight  led  the  authors  to  examine  a  series  of  ele- 
mentary substances,  all  of  rather  low  atomic  weights.  The 
absorptive  power  was  as  follows : 
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S=P^>Al>Mg>B=Ca(=Air). 
32    31      27       24     11      12 

This  series  agrees  in  a  striking  manner  with  the  order  of  the 
weights  of  the  atoms,  and  the  metallic  or  non-metallic  character  of 
the  substance  seems  to  be  without  influence.  Salts  of  different 
metals  with  the  same  acid  showed  a  variation,  in  like  manoer, 
with  the  atomic  weights : 

NH,<Li  <Na<K<Rb 

7       23       39     85 
also, 

Be<Mg<Ca<Sr<Ba 

9       24       40     87     137 

The  calcium  salts  are  almost  equal  to  the  potassium  salts,  while 
the  strontium  and  rubidium  salts  are  also  nearly  alike,  thus  show- 
ing the  influence  of  almost  identical  atomic  weights. 

Salts  of  different  acids  with  the  same  metal  also  formed  regular 
series : 

Carbonate^Nitrate^Sulphate^Chloride<^Bromide<^Iodide. 

Chlorate^Bromate^Iodate. 
Phosphate^Arsenate,  etc. 

With  compound  radicals  it  seems  as  though  the  absorptive 

power  depended  upon  the  average  atomic  weights  of  the  compo- 

14-f4 
nent  atoms.     For  example,  ammonium,  NH^,  — - —  =  3*6,  gives 

o 

less  absorption  than  lithium.     This  view  is  in  harmony  with  the 

easy  penetrability  of  organic  compounds  composed  of  the  elements 

C,  H,  O  and  N  of  low  atomic  weight. — Zeitachr,  Physikal,  Chem,, 

xix,  489.  H.  L.  w. 

3.  A  Dictionary  of  Chemical  Solubilities,  Inorganic  ;  by  A.  M. 
CoMEY,  8vo,  pp.  516  (Macmillan  &  Co.,  1896,  price  $5). — More 
than  thirty  years  have  elapsed  since  the  appearance  of  Storer's 
Dictionary  of  Solubilities,  and  Professor  Comey  has  rendered  a 
valuable  service  to  chemists  in  writing  a  modern  work  upon  this 
subject  in  such  an  excellent  manner.  The  author  has  aimed  to 
include  all  analyzed  inorganic  compounds,  so  that  the  book  is  a 
compendium  which  will  serve  a  purpose  in  inorganic  chemistry 
similar  to  that  of  Beilstein's  "  Handbuch  "  in  the  organic  domain. 
The  full  references  to  the  literature  make  the  work  especially 
valuable.  The  typographical  work  is  admirable,  but  we  think 
that  a  word  of  protest  should  be  entered  against  the  uncut  "  tops," 
especially  for  a  dictionary.  h.  l.  w. 

4.  Les  Fermentations^  par  P.  ScHtJTZENBERGEB,  8vo,  pp.  314, 
Paris  1896  (Felix  Alcan). — In  presenting  this,  the  sixth  edition  of 
his  work  on  fermentation,  to  the  public,  the  eminent  author  has 
entirely  re-written  the  book  and  has  placed  it  in  harmony  with 
the  present  condition  of  the  science.  It  is  divided  into  two  parts, 
the  first  treating  of  direct  fermentation,  produced  by  organisms, 
the  second  part  being  devoted  to  soluble  ferments,  or  indirect 
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fermentation.     The  work  gives  a  clear  and  accurate  survey  of  this 
very  interesting  and  important  department  of  chemistry. 

5.  Repertoire  des  Riactives  Spiciaux,  par  F.  Jean  et  G.  Mer- 
oiEB,  12mo,  pp.  121,  Paris  1896. — This  little  book  ^ives  the 
formulae  for  preparing  special  chemical  reagents  which  nsnally 
bear  the  names  of  the  originators.  The  main  arrangement  is 
alphabetical  according  to  the  names  of  the  authors,  while  another 
alphabetical  list  is  given  of  the  substances  to  be  detected.  More 
than  four  hundred  reagents  are  included,  and  the  book  will  doubt- 
less be  a  convenience  to  all  practical  analysts.  The  value  of  the 
work  would  have  been  considerably  increased  if  references  to  the 
original  articles  had  been  given.  h.  l.  w. 

6.  The  existence  of  two  OrthophthcUic  Acids, — Considering  the 

freat  amount  of  work  that  has  been  done  with  orthophthalic  acid 
y  various  chemists,  the  recent  discovery  by  W.  T.  H.  Howe, 
that  this  compound  exists  in  two  isomeric  modifications,  seems 
remarkable.  The  two  acids  are  identical  in  composition,  mole- 
cular weight  and  molecular  refraction,  but  they  differ  (1)  in  melt- 
ing-points, (2)  in  electrical  conductivity,  (3)  in  solubility,  (4)  in  the 
properties  of  their  salts,  and  (5)  in  their  reduction-products.  The 
melting-points  of  the  two  acids,  when  finely  pulverized,  are  184%  and 
203°.  Tne  lower  melting  acid  is  converted  into  the  higher  simply 
by  boiling  the  aqueous  solution  for  several  hours.  The  reverse 
change  takes  place  by  boiling  a  solution  in  30  per  cent,  sodium 
or  potassium  hydroxide  for  some  time  and  precipitating  the  acid 
from  the  cold  solution  by  means  of  hydrochloric  acid. 

The  author  is  inclined  to  explain  the  isomerism  by  a  change  in 
the  arrangement  of  the  single  and  double  bonds  in  EekuI6's  ben- 
zene ring,  as  is  shown  in  the  following  diagrams: 
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This  establishment  of  a  case  of  two  isomeric  ortho-derivatives 
of  benzene  has  an  important  bearing  upon  the  theory  of  the  struc- 
ture of  the  benzene  nucleus,  for  the  previous  lack  of  well-estab- 
lished cases  of  such  isomerism  has  been  considered  to  be  a  strong 
argument  against  Kekul6's  celebrated  ring  formula  in  its  original 
form. — Am.  Chem.  Jour.^  xviii,  390.  h.  l.  w. 

7.  On  the  nature  of  the  X-rays, — D.  A.  Goldhammer  states  his 
reasons  for  believing  that  the  X-rays  are  ordinary  transverse 
waves  of  light  of  which  the  wave-length  are  much  smaller  than 
the  hitherto  observed  ultra  violet  rays.  Rontgen  concluded 
that  the  effect  observed  by  him  was  not  due  to  ultra  violet  light 
from  the  following : 

a.  The  X-rays  suffer  no  observable  refraction  in  passing^from 
air  into  water,  bisulphide  of  carbon,  aluminum  rock  salt,  glass, 
zinc,  etc. 
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h.  They  are  not  regalarly  reflected  by  knowa  bodies. 

c.  They  are  not  polarizea  by  ordinary  means. 

d.  Their  absorption  depends  only  on  the  factor  of  thickness  of 
absorbing  layer. 

According  to  the  author,  the  absence  of  observed  reflection 
could  be  due  to  a  wave-length  extremely  small  in  comparison 
with  the  inequalities  of  even  highly  polished  surfaces.  The 
absence  of  polarization  can  also  be  explained  by  similar  reason- 
ing ;  h  and  c  are  thus  explained.  The  behavior  of  the  new  rays 
toward  metals  and  other  substances  is  compared  with  the 
behavior  of  certain  solutions  like  fuchsin,  and  aniline  toward 
ordinary  light.  In  the  case  of  fuchsin  solutions  the  absorbtion 
is  proportional  to  the  concentration.  If  we  compare  Rdntgen's 
results  on  the  eflect  of  thickness  of  layers  on  the  rays,  with  the 
absorption  of  fuchsin,  one  is  led  to  believe  that  the  thickness 
of  bodies  plays  the  role  with  X«rays  of  the  concentration  of 
fuchsin  solutions  for  ordinary  light  Prisms  filled  with  fuchsin 
solutions  give  anomalous  refraction  and  dispersion,  is  it  not  possi- 
ble that  the  bodies  investigated  by  Rdntgen  exhibit  anomaloas 
dispersion?  By  means  of  anomalous  refraction  and  dispersion 
u  and  d  can  thus  be  explained.  With  rays  of  extremely  short 
wave-length,  the  absorption  fitness  of  bodies  may  be  mainly 
determined  by  their  thickness.  It  is  possible  that  the  X-rays  are 
present  in  the  arc  spectrum  of  platinum  or  lead. — Ann,  derPhysik 
und  Chemie,  No.  4,  1896,  pp.  636-638.  J.  T. 

8.  Itecent  work  with  Rdntgen  Rays, — Nature^  April  30,1 896,  has 
a  r6sum6  of  this  work.  Dr.  A.  Winkelmann  and  Dr.  R.  Straubel 
(Jena)  have  investigated  the  refraction  of  the  Rontgen  rays  and 
by  using  prisms  of  various  metals  obtained  in  each  case  a  value  of 
aoout  1 : 0-0038  referred  to  air.  Professor  Rhigi  and  Drs.  A 
Fontana  and  A.  Umani  (Rome)  find  that  the  radiation  from  a 
Crookes  tube  does  not  eflect  the  radiometer  in  any  way.  Various 
observers  have  determined  the  relative  opacity  of  different  sub- 
stances. Professor  E.  Doelter  of  Graz  finds  (1)  that  the  opacity 
of  minerals  does  not  always  increase  with  the  density,  although 
minerals  having  a  specific  gravity  greater  than  5  are  relatively 
opa(][ue  ;  (2)  that  the  complexity  of  the  chemical  constitution  of 
a  mineral  eflects  its  opacity,  but  no  general  law  of  relationship 
can  be  enunciated ;  (3)  dimorphous  minerals  exhibit  but  slight 
difierences  in  their  behavior  with  regard  to  the  rays  in  their 
different  forms ;  (4)  in  most  crystals,  the  amount  of  absorption 
does  not  depend  sensibly  on  the  direction  of  the  incident  rays; 
(5)  all  minerals  naturally  fall  into  about  eight  well-defined 
groups,  corundum,  talc,  quartz,  rock  salt,  Iceland  spar,  etc.  The 
diamond  is  ten  times  as  transparent  as  corundum  and  200  times 
as  transparent  as  tin  foil.  Dr.  Filippo  Campanile  and  Dr.  Emilio 
Stromei  (Naples)  have  succeeded  in  obtaining  Rdntgen  rays  from 
ordinary  Geissler  tubes.  A  variety  of  new  forms  of  Crookes  tubes 
have  been  invented.  Professor  Elihu  Thomson  has  devised  a 
double  focus  tube  for  use  with  a  Thomson  or  Tesla  ooil.    Both 
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terminalB  consist  of  alaminam  mirrors.  The  rays  impinge  upon  a 
Y-shaped  reflector  of  platinum  which  is  placed  in  the  middle  of 
the  tube.  The  effects  obtained  with  this  tube  are  very  remark- 
able. I  have  been  able  to  trace  the  outline  of  the  heart  and  of 
the  liver  and  to  see  all  the  ribs.  The  shadow  of  the  hand  can  be 
seen  through  two  oak  doors  at  a  distance  of  fifteen  feet ;  and 
sensitive  plates  are  fogged  through  brick  walls  a  foot  thick  at  a 
distance  of  fifteen  feet.  It  has  been  found  possible  to  construct 
tabes  which  are  much  better  able  to  stand  the  strong  excitation  of 
a  Tesla  coil  than  hitherto.  j.  t. 

9.  Diminution  of  the  intensity  of  Sound  with  the  distance, — 
Various  attempts  have  been  made  to  determine  the  diminution  of 
the  intensity  of  sound  with  the  distance  especially  by  Yierordt 
and  by  Wien.  The  former  experimented  with  the  sound  pro- 
duced by  weights  falling  on  plates  from  different  heights.  H^ 
reached  the  result,  that  the  sound  diminished  according  to  a 
linear  relation  with  the  distance.  Wien  measured  the  diminution 
of  the  sound  intensity  by  means  of  determination  of  the  ampli- 
tude— and  stated  the  law  that  the  intensity  of  sound  diminishes 
with  the  square  of  the  distance — the  law  is  modified  by  f  rictional 
resistances.  Kabl  L.  Sghaefbb  takes  up  the  question  anew,  by 
the  following  method.  A  watch  is  placed  at  a  certain  distance 
from  one  ear  and  a  telephone  excited  by  a  suitable  interrupter  is 
placed  at  a  certain  distance  so  as  to  just  overcome  the  slightest 
ticking  of  the  watch.  Then  the  observation  is  repeated  with  a 
different  position  of  the  telephone  and  from  a  combination  of  the 
observations,  it  was  seen  that  Yierordt^s  results  were  unreliable. 
The  sound  intensity  in  the  neighborhood  of  the  telephone  dimin- 
ishes more  slowly  than  the  square  of  the  distance.  With  increas- 
ing distance  the  diminution  increases,  until  the  quadratic  diminu- 
tion is  approximately  reached  and  afterwards  even  exceeded. — 
Ann,  der  Fhysik  und  Chemie^  No.  4,  1896,  pp.  785-'792.     j.  t. 

II.    Geology  and  Natural  History. 

1.  Fifteenth  Annual  Report  of  the  United  States  Geological 
Survey, — This  report  has  just  been  delivered  by  the  Public  Prin- 
ter. It  is  a  handsome  volume  of  755  pages  and  48  plates,  and 
contains,  besides  the  administrative  reports  of  the  Director  him- 
self and  of  chiefs  in  charge  of  work,  the  following  special  papers  : 
"  Preliminary  Report  on  the  Geology  of  the  Common  Roads  of 
the  United  States,"  by  Prof.  N.  S.  Shaler;  "The  Potomac  For- 
mation," by  Prof.  L.  F.  Ward  ;  "  Sketch  of  the  Geology  of  the 
San  Francisco  Peninsula,"  by  Andrew  C.  Lawson;  "Preliminary 
Report  on  the  Marquette  Iron-bearing  District  of  Michigan,"  by 
Prof.  C.  R.  Yan  Hise,  W.  S.  Bayley,  and  H.  L.  Smyth ;  and  "  The 
Origin  and  Relation  of  Central  Maryland  Granites,"  by  C.  R. 
Keyes,  with  an  **  Introduction  on  the  General  Relations  of  the 
Granitic  Rocks  in  the  Middle  Atlantic  Piedmont  Plateau,"  by 
the  late  Prof.  G.  H.  Williams. 
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From  these  titles  it  is  evident  that  the  paper  of  most  popular 
interest  is  the  first  one,  on  roads,  by  the  versatile  Harvard  pro- 
fessor. He  treats  of  the  history  of  American  roads,  the  methods 
of  nsing  stone  in  road-building,  the  relative  value  of  road  stones, 
their  distribution,  sources  of  supply,  etc.;  and  thus  makes  a 
timely  contribution  to  a  subject  which  is  receiving  special  atten- 
tion in  all  parts  of  the  country. 

This  is  the  last  report  made  by  Major  J.  W.  Powell  as  Director 
of  the  Survey,  who  until  recently  has  had  charge  of  the  work, 
under  different  organizations,  for  twenty-five  years. 

2.  Topographical  maps  of  the  U.  S,  GeologiccU  Survey; 
Chas.  D.  Walcott,  director. — The  following  sheets  of  the  topo- 

fraphical  maps  of  the  edition  of  1895,  are  published  and  ready 
or  distribution : 
The  San  Francisco  sheet,  Cal. ;  Bryon,  S.  Dak. ;  Alpine, 
Tex. ;  Chispa,  Tex.-Mex. ;  Dayton,  Wyo. ;  Aberdeen,  S.  Dak. ; 
Laramie,  Albany  Co.,  Wyo. ;  Bodreau,  La. ;  Marfa,  Tex. ;  Hick- 
ory, N.  C. ;  Ocala,  Fla. ;  Fort  Ann,  Vt. ;  Panasoffkee,  Fla, ; 
Aspen,  Col.;  White  Hall,  N.  Y.-Vt. ;  Wartburg,  Tenn.;  Ned 
Lake,  Mich. ;  Perch  Lake,  Mich. ;  Amsterdam,  N,  Y. ;  Sierra 
Blanca,  Tex. ;  Williston,  Fla. ;  Nomini,  Md.-Va. ;  Sherwood, 
Tex.;  Duluth,  Minn.;  Tsala  Apopka,  Fla.;  Oriskany,  N.  Y. ; 
Oneida,  N.  Y. ;  Chittenango,  N.  Y. ;  Kingfisher,  Oklahoma; 
Wilisboro,  N.  Y.-Vt. ;  Crawford  Notch,  N.  H. ;  Tazewell,  Va.- 
W.  Va. ;  Citra,  Fla.;  Cripple  Creek  (Special),  Col.;  Crandall 
Creek,  Wyo. ;  Ishawooa,  Wyo.  h.  s.  w. 

3.  A  summarg  Description  of  the  Geology  of  Pennsylvania. 
— This  compact  summary  of  the  long  series  of  reports  of  the 
second  Pennsylvania  survey  is  now  complete.*  The  first  volume 
of  719  pages  by  the  state  geologist,  contains  the  descriptions  qi 
the  Laurentian,  Huronian,  Cambrian  and  Lower  Silurian  forma- 
tions, and  the  author  states  in  his  preface  that  he  has  written  the 
report  "  in  Saxon  English,  for  the  use  of  the  people  of  Pennsyl- 
vania," in  which  he  has  "  endeavored  to  avoid  dogmatic  state- 
ments not  made  by  a  consensus  of  the  geological  opinion  of 
to-day,"  and  he  further  describes  the  book  as  "  almost  wholly  a 
practical  description  of  facts  discovered  and  verified  by  the 
observation  of  the  members  of  the  corps  of  the  geological  survey 
in  their  several  districts."  At  the  end  of  the  several  chapters 
appear  full-page  plates  of  half-sized  reproductions  of  the  fossils  of 
the  formations  considered  in  the  chapter,  being  reproductions  of 
the  figures  which  originally  appeared  in  report  P.  4,  Dictionary 
of  the  Fossils  of  Pennsylvania.  In  volume  ii,  the  upper  Silurian 
and  Devonian  formations  are  treated  in  like  manner ;  and  both 
these  volumes  were  published  in  1892,  and  contain  continuously 
paged  1628  pages. 

*  "  A  Summary  Description  of  the  Geology  of  Pennsylvania,"  in  three  volumes, 
with  a  new  geological  map  of  the  state,  a  map  and  list  of  bituminous  mines,  and 
many  page-plate  illustrations.  J  P.  Lesley,  state  geologist,  pp.  1-2638,  plates 
1-611. 
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Volume  ii],  part  I,  was  began  by  the  state  geologist,  whose 
health  broke  down  after  completing  the  earlier  chapters ;  the 
remainder  of  the  work  was  prepared  by  Messrs.  E.  V.  d'Inyillibbs 
and  A.  D.  W.  Smith.  This  part  includes  the  discussion  of  the 
Carboniferous  in  general.  In  the  second  part  of  vol.  iii,  the  bitu- 
minous coal  fields  are  described  by  M.  D'lirviLUEBS,  and  the  New 
Red  of  Bucks  and  Montgomery  counties  is  described  by  Benja- 
min Smith  Lyman.  For  the  purposes  for  which  these  volumes 
were  designed  they  seem  to  be  admirably  adapted,  and  for  scien- 
tific students  of  geology  they  constitute  a  very  convenient  sum- 
mary of  the  immense  amount  of  detail  of  Paleozoic  geology 
developed  by  the  corps  of  the  Second  Pennsylvania  Geological 
Survey.  Mr.  Ingham,  the  secretary  of  the  Board  of  Commission- 
ers, has  added  under  separate  covers  a  general  index  with  an 
appetidix  containing  a  list  of,  and  brief  guide  to,  the  publications 
of  the  survey.  h.  s.  w. 

4.  The  Geology  of  the  Road- Building  Stones  of  Ma^sachu.- 
settSj  with  some  Consider a^iion  of  Similar  Material  from,  other 
parts  of  the  United  States ;  by  N.  S.  Shaleb  ;  (extract  from  16th 
Ann.  Report  U.  S.  Geol.  Survey  1894-95,  Part  II,  pp.  277-341.)— 
Following  the  more  general  treatment  of  the  geology  of  common 
roads  of  the  United  States,  which  appeared  in  the  15th  Annual 
Report,  Professor  Shaler  has  here  given,  in  his  customary  clear, 
terise  and  vivid  manner,  a  practical  account  of  the  nature,  mode 
of  occurrence  and  values  for  road-making  of  the  rocks  found  on 
the  surface  of  Massachusetts.  In  the  section  upon  tests  the  author 
emphasizes  tbe  considerable  importance  of  the  cementing  quality 
of  the  fine  material  produced  by  the  wear  of  the  stone ;  remark- 
ing that  the  experiments  *^  indicate  that  it  may  be  desirable  in 
certain  cases,  when  a  stone  otherwise  suitable  for  macadam  pur- 
poses does  not  afford  from  its  powder  a  good  cement,  to  cover 
the  road  with  dust  made  by  grinding  some  other  variety  of  stone 
which  will  form  a  firmer  bond."  He  speaks  of  the  saving  of 
expense  in  the  use  of  properly  selected  glacially-distributed 
bowlders  over  quarry  stone,  and  estimates  that  an  average  of  35 
<cents  per  ton  may  be  thus  saved  in  the  construction  of  roads  in 
the  State  of  Massachusetts,  amounting  in  the  aggregate  to  seven 
million  dollars  in  twenty  years.  In  the  Connecticut  valley  region 
the  finest  of  all  road-metal  is  found  in  the  "trap"  rock  of  the 
dikes.  The  materials  available  for  road-making  are  discussed 
primarily  under  three  divisions  :  i.e.,  drift-materials,  bedded  rock 
and  dike  and  vein  stones,  and  under  each  of  these  heads  the  dis- 
tribution within  the  state  is  noted. 

A  table  of  statistics  closes  the  report,  concerning  the  resistance 
to  wear  of  road-building  stones  based  upon  tests  made  by  Mr.  L. 
W.  Page,  Geologist  of  the  Massachusetts  Highway  Commission. 

H.  s.  w. 

5.  The  University  Geological  Survey  of  Kansas^  conducted 
under  authority  of  the  Board  of  Megents  of  the  University  of 
Kansas ;   by  Erasmus  Ha  worth  and  assistants.     Vol.    1,   pp. 
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1-320,  plates  i-xrxi,  figures  1-11.  1896. — The  plan  of  commit- 
ting the  execution  of  the  geological  survey  of  states  to  the 
geological  department  of  its  chief  university  is  excellent  in  many 
ways.  Not  only  does  it  enable  those  who  are  likely  to  be  the 
best  fitted  for,  and  most  interested  in  investigating  the  geology 
of  the  state  to  do  the  work,  but  it  must  result  in  raising  the  tone 
and  value  of  the  geological  department  of  the  university  which 
carries  on  the  investigation.  In  organizing  the  geological  sur- 
vey, Kansas,  by  act  of  the  legislature  in  1889,  provided  that  a 
f:eological  survey  should  be  one  of  the  functions  of  the  university, 
n  1893  active  work  was  begun,  and  in  1895  the  board  of  regents 
declared  the  state  geological  survey  organized  with  the  following 
officers,  viz :  F.  H.  Snow,  chancellor  of  the  university,  ex-officio 
director ;  in  charge  of  the  several  departments,  Prof.  S.  W.  Wil- 
liston  of  paleontology,  Prof.  Erasmus  Ha  worth  of  physical 
geology  and  mineralogy,  and  Prof.  £.  S.  Bailey  of  the  department 
of  chemistry.  Beginning  with  the  summer  of  1893,  the  profes- 
sors, assisted  by  advanced  students,  made  a  preliminary  survey  of 
the  state,  and  the  present  report  is  the  result  of  their  labors.  The 
Carboniferous  formations  of  the  state  have  been  mapped,  classi- 
fied and  named,  and  the  characteristic  fossils  of  each  of  the  for- 
mations recorded. 

The  nomenclature  and  classification  adopted  has  already  been 
reported  in  these  pages  (vol.  1,  pp.  452-466). 

The  authors  have  followed  the  principle  adopted  by  the  U.  S. 
geological  survey  in  giving  local  names  to  each  of  the  distinguish- 
able formations,  a  principle  which  has  the  advantage  of  express- 
ing the  facts  which  the  geologist  observes  and  therefore  knows, 
without  committing  him  to  a  correlation  which  only  the  paleon- 
tologist can  determine  after  a  comparative  study  of  the  fossil 
faunas  or  floras.  The  evil  of  this  system  is  more  apt  to  arise  from 
the  limited  knowledge  of  the  observer  than  from  any  fault  in  the 
system  itself.  New  names  should  be  given  only  where  the  strati- 
graphic  and  structural  continuity  with  formations  in  contiguous 
areas  already  surveyed  is  not  recognizable.  For  the  object  to  be 
attained  is  not  to  give  names  to  the  formations  which  shall  be 
familiar  to  the  local  geologist,  but  to  properly  distribute  the 
formations  in  the  standard  geological  scale.  u.  s.  w. 

6.  Geological  Survey  of  Canada. — ^The  following  reports  and 
maps  have  been  recently  published,  viz  : 

Summary  Report  of  the  Geological  Survey  Department  for  the  year  1895,  by 
the  Director,  G.  M.  Dawson,  pp.  154,  1896. 

Report  on  the  Surface  Qeoloj?y  of  eastern  New  Brunswick,  northwestern  Nova 
Scotia  and  a  portion  of  Prince  Kdward  Island,  with  maps  Nos.  558,  559,  661,  562, 
663,  by  R.  Chalmers,  pp.  149,  1896. 

Report  on  the  Area  of  the  Kamloops  map-sheet,  British  Columbia,  with  maps, 
Nos.  556  and  557,  by  George  M.  Dawson,   pp.  427,  1896. 

Laurentian  area  to  the  north  and  west  of  St.  Jerome,  Province  of  Quebec,  by 
F.  D.  Adams,  pp.  20,  1896. 

List  of  Publications  of  the  Geological  Survey  of  Canada,  Ottawa,  pp.  62,  1895. 

Contribution  to  Canadian  Paleontology.     Vol.  11.     Part  1. 

Canadian  Fossil  Insects,  Myriapods  and  Arachnids,  by  Samuel  H.  Scudosb. 
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1.  The  Tertiary  Hemiptera  of  British  Columbia. 

2.  The  Coleoptera  hitherto  found  fossil  in  Canada. 

3.  Notes  on  Myriapods  and  Arachnids  found  in  Sigillarian  stumps  in  the 
Noya  Scotia  Coal  Field,  pp.  66  and  plate  V.  1896. 

7.  Daa  Tierreichj  eine  ZuaammensteUung  und  Kefinzeichnung 
der  rezenten  Tierformen,  JSerausgegeben  von  der  Deutschen 
Zoologischen  Geselischa/t.  Generairedakteur,  Franz  £.  Schulze. 
JProbe'Lieferung — Heliozoa  bearbeitet  voq  Fritz  Schandin.  pp. 
24  (R.  Friedlander  &  Sobn,  Berlin),  1896.— The  Deutsche 
Zoologische  Gesselsobafb  announce  their  purpose  to  prepare  a 
comprehensive  representation  of  the  whole  animal  kingdom, 
naming  and  giving  the  characters  of  every  known  species  now 
living,  or  which  has  in  recent  times  become  extinct.  About  fifty 
specialists  have  been  selected  to  prepare  the  '^  lieferungs  "  on  the 
special  groups.  It  is  expected  that  25  years  will  be  required  to 
finish  the  work.  The  publishers  (Friedlanders  of  Berlin)  have 
sent  out  a  sample  numoer  on  the  Heliozoa,  which  is  before  us. 
In  these  24  pages  59  species  are  cited,  full  references  to  original 
descriptions  and  bibliography  for  species,  genera  and  orders  are 
given,  generic  descriptions,  and  brief  indications  of  the  distinctive 
specific  characters,  and  habitat  and  geographical  distribution  are 
given  in  each  case.  The  systematic  part  and  the  publishers'  part 
are  also  all  that  could  be  desired.  The  first  lieferung  is  an- 
nounced for  the  beginning  of  the  year  1897.  h.  s.  w. 

8.  The  Comparative  Morphology  of  the  Galeodidce^  by  H.  M. 
Bernard.  Trans.  Linn.  Soc,  London,  2d  ser.,  vol.  vi,  part  4, 
pp.  306-417,  plates  27-34,  1896.  Few  comparative  anatomists 
or  morphologists  are  so  suggestive  in  their  teleological  discussions 
as  the  author  of  the  present  paper  on  Galeodes,  His  first 
important  work  on  the  Apodidce,  published  in  1892,  in  which  the 
Crustacea  are  deduced  from  a  bent  carnivorous  annelid,  has  only 
lately  received  the  recognition  it  deserves,  and,  remarkably 
enough,  several  inferences  made  upon  theoretical  grounds  have 
been  fully  verified  by  recent  discoveries  relating  to  the  ventral 
anatomy  of  Trilobites.  The  adverse  criticism  which  this  book 
first  received  was  entirely  uncalled  for,  and  is  an  instance  where 
dogmatism  and  autocracy  are  allowed  to  take  the  place  of 
judiciousness.  Hostility  was  incited  mainly  by  its  attitude  on 
the  "  Limulus-an- Arachnid  "  question,  although  the  work  itself 
was  not  in  the  slightest  degree  polemical. 

The  GaleodidcB  are  undoubted  Arachnids  posdessin^  marked 
primitive  characters.  They  show  the  original  metamerism  of  the 
body  more  strongly  than  any  other  Arachnid.  The  only  fused 
segments  are  the  three  anterior  cephalothoracic  somites.  The 
others  are  free,  including  also  the  ten  segments  of  the  abdomen. 
Therefore,  these  animals  ofier  inviting  opportunities  for  compara- 
tive morphological  studies. 

Most  important  and  interesting  are  the  discussions  on  the 
phylogeny  of  the  Arachnida  and  their  lack  of  affinity  with  the 
Merostomata.     An  ancestral  Arachnid   is   reconstinicted  having 
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eighteen  segments,  divided  into  two  regions.  The  anterior  por- 
tion consists  of  six  segments,  which  with  their  appendages  are 
specialized  for  locomotion  and  prehension.  The  posterior  region 
of  twelve  segments  is  a  vegetative  sac.  It  is  shown  that  the  first 
fusion  of  segments  involved  the  three  anterior  ones.  In  the 
Arachnids,  the  first  segment  was  distorted  and  prolonged  dorsally 
for  the  purpose  of  developing  the  first  pair  of  appendages  as 
powerful  prehensile  organs;  while  in  the  Merostomata,  the 
primitive  diflferentiation  occurred  through  a  backward  ventral 
distortion  and  bending  of  the  first  segment. 

Considering  the  mouth  as  primarily  anterior,  its  ventral  position 
in  the  Crustacea  is  the  result  of  modification.  Gcdeodes  with  its 
anterior  mouth  is  in  this  respect  the  most  primitive  Arachnid, 
and  to  develop  this  type  from  jLimuluSy  the  latter  "  would  have 
to  recover  its  long-lost  Annelidan  segments  almost  in  their  primi- 
tive condition,  and  then,  after  tiltmg  the  first  back  on  to  the 
dorsal  surface,  further  develop  this  primitive  Arachnidan  special- 
ization till  it  reached  the  Scorpion  stage.  So  that  an  animal 
having  carried  one  specialization  to  an  extreme  would  have  to 
undo  It  all,  in  order  to  try  a  specialization  the  exact  opposite  of 
its  own.     I  think  it  fairly  safe  to  say  that  this  is  impossible.'' 

A  similar  reversion  and  secondary  progression  would  be 
required  to  develop  the  Arachnid  sternites  out  of  a  Limnloid,  or 
to  produce  the  Arachnid  abdomen  from  the  specialized  region  in 
JEurypterua  or  Limulus,  Furthur  conclusions  of  a  like  nature 
are  drawn  from  the  construction  of  the  beak  out  of  a  labrum  and 
labium;  from  the  ocular  tubercle,  which  is  unknown  in  other 
Arthropods;  from  the  vestigial  abdominal  limbs,  the  nervous 
system,  the  (esophagus,  etc.  ''They  separate  the  Arachnids 
completely  from  all  other  Arthropods,  and  furthest  of  all  from 
Limulus^  whose  essential  morpholoey,  or,  in  other  words,  whose 
early  differentiation  of  the  primitive  ancestral  metamerism  was 
the  very  reverse  of  that  in  the  Arachnids.  As  Anthropods,  no 
relation  whatever  exists  between  them ;  as  segmented  animals 
however,  they  are  both  derivatives  from  the  Chastopod  Annelids, 
but  along  different  and  opposite  lines  of  specialization."  c.  s.  b. 

9.  The  CharacecB  of  America  ;  by  Dr.  T.  F.  Allkn. — ^The  third 
fascicle  of  Part  II  of  Dr.  Allen's  monograph  has  just  appeared 
and  contains  descriptions  of  ten  species  of  Nitella  with  nine  plates. 
The  new  species  are  N,  JLeibergii  from  Oregon,  and  N',  transilis, 
founded  on  iV.  tenuissima  var.  longifoUa  oi  Allen's  Char.  Exsic 
Amer.  There  is  also  a  full  description  and  figure  of  the  little 
known  N,  AsagroRana  Schaffner  Irom  Mexico,  and  critical  notes 
on  several  varieties  of  N,  miccronata,  iV.  capitellata,  iVI  gracilis 

•and  N,  tenuissirna,  w.  g.  f. 

1 0.  Kryptogamen- Flora  von  Deutschland,  Oesterreich  und  der 
Schweiz,  IlysteriacecB^  Discornycetes  (Pezizacefe) ;  by  Dr.  H. 
Reum. — This  large  volume  of  more  than  1,200  pages,  with  many 
figures  illustrating  the  structure  of  the  different  genera,  is  one  of 
the  best  of  the  excellent  monographs  which,  taken  collectively) 
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form  the  second  edition  of  what  is  generally  known  as  Rahen- 
hcTsfs  KrypU>gamen'Flara.  On  the  death  of  Dr.  G.  Winter,  by 
whom  was  written  the  Tolume  including  Uredinese,  XJstilaginesd, 
Basidiomycetes  and  Pyrenomycetes,  the  work  on  the  orders  of 
fnngi  was  continued  by  Dr.  Rehm,  whose  account  of  the  Dis- 
comycetes  is  now  completed  in  20  parts,  of  which  the  first 
appeared  in  1887.  The  full  Index,  prepared  b^  Dr.  Pazschke, 
forms  an  additional  part.  The  numoer  of  species  described  is 
6023,  the  last  of  the  series  being  the  American  Dermatea  aceri- 
cola^  which  has  lately  been  found  in  Saxony  and  Switzerland. 
The  work  of  Dr.  Rehm  shows  a  vast  amount  of  labor  and  erudi- 
tion, involving  the  examination  of  authentic  specimens  of  Dis- 
comycetes  from  all  parts  of  the  world.  The  difierent  volumes  of 
the  MryptogameiirFloray  although  all  valuable,  vary  very  much 
in  the  method  of  presentation  of  the  subject.  In  some,  especially 
that  on  higher  cryptogams,  there  is  such  an  excess  of  details  that 
the  reader  is  embarrassed  rather  than  helped  thereby.  Dr.  Rehm 
'has  arranged  his  material  admirably.  The  descriptions  are  clear, 
neither  too  condensed  nor  too  diffuse,  and  the  copious  notes  are 
especially  valuable  to  American  mycologists  since  they  contain 
references  to  American  species  related  to  those  of  Europe.  The 
limits  of  genera  are  drawn  less  easily  in  Discomycetes  than  in 
some  other  orders  of  fungi,  and  the  difficulty  was  all  the  greater 
in  the  present  case,  because  a  considerable  number  of  species 
formerly  generally  placed  in  lichens,  but  in  reality  having  no 
gonidia,  have  been  regarded  by  Dr.  Rehm  as  fungi  and  incorpor- 
ated with  other  Discomycetes.  w.  g.  f. 

11.  Phycotheca  Boreali-Americaiia ;  by  F.  S.  Collins,  Isaac 
HoLDEK  and  W.  A.  Setchell. — The  fourth  fascicle  of  this  valua- 
ble series  has  recently  been  issued  and  maintains  the  excellent 
character  of  the  earlier  numbers.  The  striking  feature  of  the 
present  fascicle  is  the  considerable  number  of  species  of  Batra- 
chospermum  represented  by  very  well-prepared  specimens.  Among 
the  interesting  Nostochinere  distributed  are  Rivularia  Bor- 
netiana  and  Arthrospira  Gomontiana  recently  described  by 
Setchell.  w.  g.  f. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  National  Academy  of  Sciences. — The  following  is  a  list  of 
ihe  papers  presented  lor  reading  at  the  meeting  of  the  National 
Academy  held  in  Washington,  April  20-25. 

E.  W.  Hilgard:  The  geological  efficacy  of  alkali  carbonate  solutions. 

M.  Carey  Lea  :  On  the  c^lor  relations  of  atoms,  ions,  and  molecules. 

E.  D.  Cope  :  On  the  characters  of  the  Otoccelidae. 

A.  M.  Mayer  :  Exhibition  of  a  linkage  whose  motion  shows  the  laws  of 
refraction  of  light.  Location  in  Paris  of  the  dwelling  of  Malus,  in  which  ho  made 
the  discovery  of  the  polarization  of  light  by  reflection.  (1)  On  experiments  show- 
ing that  the  X-Rays  cannot  be  polarized  by  passing  through  herapathite ;  (2)  the 
density  of  herapaihite;  (H)  formula:  of  transmission  of  the  X-Rays  through  glass, 
tourmaline,  and  herapathite. 


494  Scientific  InteUigence. 

W.  A.  Rogers  and  Frederick  Browk  :  On  the  X-Rajs  from  a  statioal  curroDt 
produced  by  a  rapidly  revolviDg;  leather  belt 

G.  W.  Hill  :  Biographical  memoir  of  James  Edward  Oliver. 

0.  H.  Davis  :  Biographical  oaemoir  of  Charles  Henry  Davis. 

G.  A.  White  :  Biog^phical  memoir  of  George  Bogelmann. 

T.  0.  Mendenhall  :  Legislation  relating  to  standards. 

K  W.  MoRLBT  and  W.  A.  Rogers:  On  the  determination  of  the  ooefficient 
of  expansion  of  Jessop's  steel,  between  the  limits  of  0°  and  64**  C,  by  the  inter- 
ferential method.  On  the  separate  measurement,  by  the  interferential  method,  o( 
the  heating  effect  of  pure  radiations  and  of  an  envelope  of  heated  air. 

0.  S.  Pfircb  :  On  the  logic  of  quantity. 

J.  W.  Powell  :  Judgment  in  sensation  and  perception. 

A.  W.  Peckham:  The  variability  in  fermenting  power  of  the  colon  bacillus 
under  different  conditions. 

0.  N.  Rood  .-  Experiments  on  the  reflections  of  the  Rontgen  rays. 

H.  A.  Rowland  :  Notes  on  Rontgen  rays. 

Ira  Rehsen  :  Some  studies  in  chemical  equilibrium.  The  decomposition  of 
diazo-compounds  by  alcohol.    On  double  halides  containing  organic  bases. 

T.  J.  J.  See:  Results  of  researches  of  forty  biuary  stars. 

A.  B.  Verrill  :  On  a  remarkable  new  family  of  deep-sea  Cephalopoda  and  its 
bearing  on  molluscan  morphology.  The  question  of  the  molluscan  Archetype,  or 
Archi-mollusk.  On  some  points  in  the  morphology  and  phylogeny  of  the  Gastro- 
poda. 

A.  A.  MiCHELSON  and  S.  W.  Stratton  :  Source  of  X-Rays. 

A.  W.  Wright  :  The  relative  permeability  of  magnesium  and  aluminum  to  tb» 
Rontgen  rays. 

C.  Barus:  The  state  of  carbon  dioxide  at  the  critical  temperature.  The  motion 
of  a  submerged  thread  of  mercury.  On  a  method  of  obtaining  variable  capillar/ 
apertures  of  specified  diameter. 

C.  S.  Hastings:  On  a  new  type  of  telescope  free  from  secondary  color. 

W.  K.  Brooks  :  The  Olindiadne  and  other  Modus®. 

W.  K.  Brooks  and  George  Lefgvre  :  Budding  in  Perophora. 

W.  K.  Brooks  and  Oilman  Drew:   Anatomy  of  Yoldia. 

0.  0.  Marsh  :  On  the  Pithecanthropus  erectus  from  the  Tertiary  of  Java. 

2.  New  England  Meteorological  Society, — A  oircalar  from  the 
Secretary,  Wm.  M.  Davis,  bears  the  information  that  at  the  last, 
thirty-sixth,  regular  meeting  held  in  Boston  on  the  25th  of  April, 
the  Society  dissolved  by  vote  of  its  members.  The  andistribated 
copies  of  the  Society's  investigations  were  presented  to  the  Astro- 
nomical Observatory  of  Harvard  College,  subject  to  the  disposal 
of  the  Director  of  the  Observatory,  who  will  hereafter  receive  all 
publications  addressed  to  the  Society. 

Obituary. 

Dr.  Carl  Nicolaus  Adalbert  Krueger,  Director  of  the 
Observatory  at  Kiel  and  editor  of  the  latest  forty  volumes  of  the 
Astronomische  Nachrichten^  died  at  Kiel,  April  2l8t,  in  the  64tb 
year  of  his  age. 
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